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Teledyne Semiconductor — History 


Early in 1961 a group of engineers and scientists, headed 
by Dr. Jay Last and Dr. Jean Hoerni, set out to establish 
their own firm. Last is holder of the patent for the metal- 
over-oxide technique and developer of the step and repeat 
camera. Hoerni is inventor and patent holder of the planar 
process. 


The group was financed by Teledyne Inc., a systems 
company established a year earlier by Dr. Henry Singleton 
and Dr. George Kozmetsky. They became Amelco 
Semiconductor, division of Teledyne Inc., in February 
1961. 


The goals of Amelco were to develop highly reliable 
devices for special systems applications and Amelco was 
one of the first companies to produce and sell Junction 
Field Effect Transistors (JFETs) and High Noise Immunity 
Logic (HiNIL), products which Teledyne Semiconductor 
continues to produce. 


In 1970 Amelco was merged with another division of 
Teledyne Inc. — Continental Devices Corp. — to form 


e™ TELEDYNE SEMICONDUCTOR 


what is known today as Teledyne Semiconductor, Inc. 
Over the years Teledyne Semiconductor has grown to be 
an approved supplier to many high-reliability programs 
such as Apollo, Minuteman and Hawk. 


The Specialist 


Today Teledyne Semiconductor concentrates on pro- 

ducing: 

e Junction Field Effect Transistors (JFETs) 

e Bipolar Interface Logic 

e Data Conversion Products (A/D, D/A, V/F, F/V, Voltage 
References, Multiplexers) 

e FETRONs (Solid-State Replacements for Vacuum 
Tubes) . 


Teledyne Semiconductor's goal continues to be to supply 
reliable, quality products. 
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A/D Converters 


Selector Guide 


8700, 8701, 8702 


+5 V 


19 


INITIATE 
CONVERSION 


21 
15 
14 


ai 


8, 10, or 12 Bit Binary Output 
1 to 20ms Conversion Time 


Latched Parallel Output 


BINARY OUTPUTS 


INTERNAL 
CLOCK 
& 


CONTROL 


ge a 8700 8701 8702 
22 BUSY 


23 DATA VALID 


® Strobed or Free Running Operation 
e Integrating A/D (Charge Balance) 


8703, 8704, 8705 


INITIATE ae 
CONVERSION 


e 8, 10, or 12 Bit Binary Output 
e 1 to 20ms Conversion Time 
e Latched Three-State Outputs 


BINARY OUTPUTS 


ENABLE 


INTERNAL 
CLOCK 
& 


CONTROL 
LOGIC 


8703 8704 8705 


22 BUSY 


23 DATA VALID 


e Strobed or Free Running Operation 
e Integrating A/D (Charge Balance) 
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A/D Converters Selector Guide 


BCD OUTPUTS 
INITIATE 


CONVERSION 


A ) THOUSAND 


om vy) 
c 
g ) HUNDREDS 


INTERNAL 
CLOCK 
& 
“ei OP AMP ae SONTROL 


TENS 


UNITS 


>amANAOOrF BAO YD 


23 DATA VALID 


e 3-1/2 Digit BCD Output ketebaw ‘ » Buteuit © Strobed or Free Running Operation 
@ 
e 10ms Conversion Time BRGHOR: PbaMS! SACD e Integrating A/D (Charge Balance) 
8751 
Ci Cf Cf 
7s (oe aoe 


7 eee | 
eee | | icin oriver DRIVER 


HOLD EOC 
O00 OO 
15 : 18 


BCD OUTPUT DIGIT a: 
a] > ie OUTPUT MULTIPLEXER 
DETECTOR |b 
PT TT Tete Tey 
Deg ee Ie oees aE aed 
| msccsmane 


nD m1 
oP hPL 
ae ie A 


| 


Me i 


Vop Et GND 


e 3-1/2 Digit e Multiplexed BCD Outputs © Auto Polarity 
e Auto Zero e Display Hold e Integrating A/D (Dual Slope) 
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D/A Converters Selector Guide 


8640, 8641 


+5V to + 15V 


aie 


S-14 
a 


BIT 2 BIT3 BIT 4 BIT5 BIT6 BIT7 BIT 8 BIT9 BIT 10 BIT 11 BIT 12 


e 12 Bit Binary e Full Four Quadrant Multiplication 
e 2ppm/°C Max. Gain Drift e 5V to 15V Operating Range 
e Choice of +1/2 Bit or +1 Bit Linearity 


V/F, F/V Converters 


9400, 9401, 9402 V/F Mode 


} _fcownnnaro 7 3.us PULSE — 
+ 


GENERATOR 


OUTPUT 
COMMON 


o 
PS at 
ly = 10 HA FS. AMP OUT 
PIN 12: SSININIS 


-6.V 


OFFSET ee VIN ‘ | 
DJUST ouT = 
A Rin (Ver) (CRep) 


e 10 Hz to 100 KHz Operation e Single or Dual Supply Operation 
e 40ppm/°C Max. Gain Drift e Pulse and Square Wave Outputs 
e Choice of Linearity: .01, .05, or .25% 
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V/F, F/V Converters Selector Guide 


9400, 9401, 9402 F/V Mode 


ULSE 


PULS 
GENERATOR 


OFFSET ‘ RINT 
ADJUST 1 
9 12 
oP AMP oVo 
SEISEL: + VOLTAGE 
OUTPUT 
4 


e DC to 100 KHz Operation e Programmable Scale Factor 
© Op Amp Output e Accepts any Input Voltage Wave Form 
e Choice of Linearity: .02, .05, or .25% 


Voltage References 


© 1.22V + 2% Band Gap Reference © 50uA to 5mA Operating Range 
e 50 or 100ppm/° C Max. Temp Coefficient e Low Output Noise — 5yuV 
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Voltage References Selector Guide 


9495 


5 VOLT REFERENCE 


e 5V + 0.3% or +1% Band Gap Reference e Temperature Output 
e 8.5 or 65ppm/° C Max. Temp Coefficient e 10mA Output Current 
e 7V to 40V Input Voltage Range 


9496 


10 VOLT REFERENCE 


© 10V +0.3% or +1% Band Gap Reference © Low Noise — 30uVpp Max. 
e 8.5 or 65ppm/°C Max. Temp. Coefficient e 10mA Output Current 
e 12V to 40V Input Voltage Range 
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Monolithic CMOS 
A/D Converters 


Features 


Auto zero — guaranteed zero reading for 0 volts 
input on all scales. 


Auto polarity. 


True polarity at zero for precise null detection. 
True differential input and reference. 


Direct drive to LCD display — no external 
components required. 


On-chip clock and reference. 
200.0 mV full scale sensitivity. 
Direct replacement for Intersil 7106. 


Pin Configuration 


(+) SUPPLY [14 ] 
D(UNITS) [2 | 
C (UNITS) 

B (UNITS) [4 | 
A (UNITS) 
F (UNITS) [6 | 


Cc (TENS) [_10] [31 J INPUT HI 

B (TENS) [30 INPUT LO 

A (TENS) [29 | AUTO-ZERO 
F (TENS) [ 13] 

INTEGRATOR 

D (100's) [15 | | 26 ](-) SUPPLY 
B (100's) [46 | | 25 _]G (TENS) 

F (100's) | 24 | C (1400's) 

E (100's) [ 23 ] A (100's) 
AB (1000) [ 22 ]G (100's) 


POLaRity [ 20] 
(MINUS) 
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Forthcoming Products 


7106 
3¥2 Digit Single Chip 
A/D For LCD Displays 


General Description 


The Teledyne 7106 is a high performance, low power 3/2 digit A/D 
converter. All the necessary active devices are contained on a 
single CMOS I.C., including seven segment decoders, display 
drivers, reference, and aclock. The 7106 is de ed to interface 
with aliquid crystal display (LCD) andi ackplane drive. 


ination of high 
satility of true 
Il systems, but gives 


¥ of single power supply operation, 
afice LCD panel meter to be built with the 


TELEDYNE 7106 


2 & 
-| |- ~} fs] 2 


AID with Liquid Crystal Display 
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Forthcoming Products 


7107 
Monolithic CMOS _. 31 Digit Single Chip 
A/D Converters A/D For LED Displays 


Features General Description 


Auto zero — guaranteed zero reading for O volts The Teledyne 7107 is ahigh performance, low power 3¥/2 digit A/D 
input on all scales. converter. All the necessary active devices are contained on a 
Auto polarity. single CMOS I.C., including seven segment decoders, display 


drivers, reference, and a clock. The 7107 will directly drive an 
True polarity at zero for precise null detection. instrument-size light emitting diode (LED) display. 


True differential input and reference. The 7107 brings together an unprecedented combination of high 


= : u accuracy, versatility, and true economy. The versatility of true dif- 
Direct drive to LED display — no external ferential input and reference is useful itfajl systems, but gives the 
components required. designer an uncommon advan measuring load cells, 
On-chip clock and reference. strain gauges and other brid ducers. 


200.0 mV full scale sensitivity. 
Direct replacement for Intersil 7107. 


Pin Contiguration a¥’Connection Diagrams 


(+) SUPPLY 

D(UNITS)[ 2 | 

C (UNITS) 

B (UNITS) [_4 ] 

A (UNITS) ( 

wz 
F (UNITS) [6 | 
a 

G (UNITS) i b 345] + REF. CAP. 

E (UNITS) [_8 | : — REF. CAP, 

p (Tens) [_9 | COMMON 

C (TENS) [31] INPUT HI 

B(TENS)[ 11] INPUT LO 

A (TENS) [ 12] | 29 | AUTO-ZERO 

F (TENS) [_ 13 | 

E (TENS) INTEGRATOR 

D (100's) [ 26 ](-) SUPPLY 

B (100's) [16 | G (TENS) 

F (100°s) | 24 | C (100's) 

E (100's)[{ 18] A (100's) 

AB (1000) | 22 |G (100's) 
POLARITY [_20 ] 


(MINUS) 


AID with LED Display 
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Monolithic CMOS 


Analog Multiplexer 
With Overload Protection 


Forthcoming Products 


9486 


16 Channel 


Features 


Dielectrically Isolated CMOS 

fon < 2000 

Analog Signal Range: +15V 
Break-Before Make Switching 

TTL/DTL and CMOS Compatible 

Over Voltage and Power Loss Protected 
Low Power: 7.5mW 

Replaces DG506, HI-506A 


Applications 
e Data Acquisition 


Telemetry 
Industrial Control 
Switchable Gain Amplifier 


Functional Diagram 


General Description 


The Teledyne 9486 is a 16 channel dielectrically isolated 
CMOS analog multiplexer. Because of dielectric isolation, it 
can withstand analog input voltages much greater than the 
power supply voltage. This is very important in systems 
where the analog inputs originate ¢ffom outside the 
equipment. The 9486 can also witbstarndicontinuous input 


field effect transistors to ful 
ON condition, eaé witch 


Pin Configuration 


DUAL IN-LINE PACKAGE 
TOP VIEW 


1-9 


moe steam -cccoCoCCoOOX 
mass 000OH]--5000cK, 
—m~-OCO-]-00--00--00~x 
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Forthcoming Products 


Monolithic CMOS 9487 


Analog Multiplexer 
With Overload Protection Dual 8 Channel 


Features General Description 


Dielectrically Isolated CMOS The Teledyne 9487 is a dual 8 channel dielectrically isolated 
fon < 2002 ae 

Analog Signal Range: +15V 

Break-Before Make Switching 

TTL/DTL and CMOS Compatible where the analog 

Over Voltage and Power Loss Protected equipment. The 2487 

Low Power: 7.5mW 

Replaces DG507, HI-507A 


unction as analog switches. In the 

a Witch will conduct current in either 

dfret & ON-OFF state of each switch is controlled by 

Applications s Whickare in turn controlled by a 3-bit binary word 
ns i p an enable-inhibit input. The Truth Table below 

Data Acquisition gw§ the binary word required to select any one of the 8 


Telemetry switch positions, provided a logic “1” is present at the enable 
Industrial Control , input. With a logic “0” at the enable input, all switches will be 


Switchable Gain Amplifier OFF. 


Pin Configuration | 


DUAL-IN-LINE PACKAGE 


TOP VIEW 


Decode Truth Table 


m 


3 


> 
IX} 
> 


4onos0+0%x| > 
aha ee a aS 


sos 30000x 
=--00-+-00x 
OnNOOSWN— 
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Monolithic CMOS 


Analog Multiplexer 
With Overload Protection 


Forthcoming Products 


9488 


8 Channel 


Features 


Dielectrically Isolated CMOS 

fon < 2000 

Analog Signal Range: +15V 
Break-Before Make Switching 

TTL/DTL and CMOS Compatible 

Over Voltage and Power Loss Protected 
Low Power: 7.5mW 

Replaces DG508, HI-508A 


Applications 


Data Acquisition 
Telemetry 

Industrial Control 
Switchable Gain Amplifier 


Functional Di 


General Description 


The Teledyne 9488 is an 8 channel dielectrically isolated 
CMOS analog multiplexer. Because of dijefectric isolation, it 
can withstand analog input voltage greater than the 
power supply voltage. This is..We Drtant in systems 


The 9488 employs dpi 


field effeet trarigistor: 


s the binary word required to select any one of the 8 

witch positions, provided a logic “1” is present at the enable 

input. With a logic “0” at the enable input, all switches will be 
OFF. 


Pin Configuration 


DUAL-IN-LINE PACKAGE 


TOP VIEW 


Decode Truth Table 


m 


3 


> 
nN 
> 


a4u4a40000x 
~-oCOo--00xX 
+oscs0+0x| > 


ere ge eer eee | 
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Forthcoming Products 


Monolithic CMOS 9489 


Analog Multiplexer 
With Overload Protection Dual 4 Channel 


Features General Description 


Dielectrically Isolated CMOS The Teledyne 9489 is a dual 4 channel dielectrically isolated 
ron < 2000 CMOS analog multiplexer. Because of diefectric isolation, it 
Analog Signal Range: +15V can withstand analog input voltages myc greater than the 
Break-Before Make Switching power supply voltage. This isevery Jt 

TTL/DTL and CMOS Compatible where the analog inpujs 

Over Voltage and Power Loss Protected 
Low Power: 7.5mW 


Replaces DG509, HI-509A The 9489 aes QDei SX 


voltages, even whgfi * 


Applications 


Data Acquisition s the binary word required to select any one of the 4 
Telemetry witch positions, provided a logic “1” is present at the enable 
Industrial Control input. With a logic “0” at the enable input, all switches will be 
Switchable Gain Amplifier OFF. 


Functional Diag! ah ¢ Pin Configuration | 


DUAL-IN-LINE PACKAGE 


TOP VIEW 


Decode Truth Table 
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Cross Reference Guide 


LISTED IN ALPHANUMERICAL ORDER 


In all cases devices listed are considered exact replacements and are interchangeable. Direct replacements are based on similarity 
of electrical and mechanical characteristics as shown in currently published data. Interchangeability can not be guaranteed. Before 
using a device as a substitute, the user should compare specifications of the substitute device with those of the original. 


Teledyne Teledyne 
Semiconductor Semiconductor 
Device. No. Device No. Device No. Device No. 
AD7521LD 8640CN MP55010 9491BM 
AD7521LN 8640CuU MP55010A 9491AM 
AD7521UD 8640BN MP5531AJ 9495AJ 
AD7531LD 8640CN MP5531BJ 9495AE 
AD7531LN 8640CJ MP5531CJ 9495CE 
AD7541AD 8640CN MP5531DJ 9495CE 
AD7541BD 8641CN MP5531EJ 9495EJ 
AD7541JN 8640CJ MP5531HJ 9495EE 
AD7541KN 8641CJ MP5532AJ 9496AE 
AD7541SD 8640BN MP5532BJ 9496AE 
AD7541TD 8641BN MP5532CJ 9496CE 
MP5532DJ 9496CE 
ADC-EK8B 8700CU MP5532EJ 9496EE 
ADC-EK10B 8701CJ MP5532HJ 9496EE ; 
ADC-EK12B 8702CN MP713AD 8751CN ° 
ADC-EK12DC 8750CJ MP7137AN 8751CJ 
ADC-EK12DM 8750BN MP7621AD 8640CN 
ADC-EK12DR 8750CN MP7621BD 8641CN 
ADC-ET8BC 8703CU MP7621JN 8640CJ 
ADC-ET8BM 8703BM MP7621KN 8641CJ 
ADC-ET8BR 8703CN MP7621SD 8640BN 
ADC-ET10BC 8704CJ MP7621TD 8641BN 
ADC-ET10BM 8704BN 
ADC-ET10BR 8704CN REF-01AJ 9496AE 
ADC-ET12BC 8705CJ REF-01CJ 9496CE 
ADC-ET12BM 8705BN REF-01CP 9496CU 
ADC-ET12BR 8705CN REF-01DJ 9496CE 
REF-01DP 9496CU 
DAC1220LCD 8640CJ REF-01EJ 9496EE 
DAC1220LD 8640BN REF-01HJ 9496EE 
REF-01J 9496AE 
ICL7112JJN 8640CN REF-02AJ 9495AE 
ICL7112JPN 8640CJ REF-02CJ 9495CE 
ICL7112KJN 8641CN REF-02CP 9495CJ 
ICL7112KPN 8641CuU REF-02DJ 9495CE 
ICL7112LPN 8641CJ ’ REF-02DP 9495CJ 
ICL7112SJN 8640BN REF-02EJ 9495EE 
CIL7112TJN 8641BN REF-02HJ 9495EE 
ICL8069CCQ 9491AJ REF-02J 9495AE 
ICL8069CMQ 9491AM 
ICL8069DCQ 9491BJ VFQIC 9400CU 
ICL8069 9491BM VFQIiR 9400CN 
LM113 9491BM ZN423T 9491AJ 
LM313 9491BJ ZN423T 9491BJ 
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Cross Reference Guide 
LISTED BY MANUFACTURER 


In all cases devices listed are considered exact replacements and are interchangeable. Direct replacements are based on similarity 
of electrical and mechanical characteristics as shown in currently published data. Interchangeability can not be guaranteed. Before 
using a device as a substitute, the user should compare specifications of the substitute device with those of the original. 


Teledyne Teledyne 
Semiconductor Semiconductor 
Device No. Device No. Device No. Device No. 
ANALOG DEVICES MICROPOWER 
AD7521LD 8640CN MP55010 9491BM 
AD7521LN 8640CJ MP55010A 9491AM 
AD7521UD 8640BN MP5531AJ 9495AJ 
AD7531LD 8640CN MP5531BJ 9495AE 
AD7531LN 8640CJ MP5531CJ 9495CE 
AD7541AD 8640CN MP5531DJ 9495CE 
AD7541BD 8641CN MP5531EJ 9495EJ 
AD7541JN 8640CJ MP5531HJ 9495EE 
AD7541KN 8641CJ MP5532AJ 9496AE 
AD7541SD 8640BN MP5532BJ 9496AE 
AD7541TD 8641BN MP5532CJ 9496CE 
MP5532Du 9496CE 
DATEL MP5532EJ 9496EE 
ADC-EK8B 8700CJ MP5532HJ 9496EE 
ADC-EK10B 8701CJ MP713AD 8751CN 
ADC-EK12B 8702CN MP7137AN 8751CJ 
ADC-EK12DC 8750CJ MP7621AD 8640CN 
ADC-EK12DM 8750BN MP7621DB 8641CN 
ADC-EK12DR 8750CN MP7621JN 8640CJ 
ADC-ET8BC 8703CJ MP7621KN 8641CJ 
ADC-ET8BM 8703BM MP7621SD 8640BN 
ADC-ET8BR 8703CN MP7621TD 8641BN 
ADC-ET10BC 8704CJ 
ADC-ET10BM 8704BN NATIONAL 
ADC-ETIOBA een DAC1220LCD 8640CJ 
ADE-ETIZEC ie as) DAC1220LD 8640BN 
ADC-ET12BM 8705BN LM113 9491BM 
ADC-ET12BR 8705CN LM313 9491BJ 
VFQIC 9400CJ 
VFQiR 9400CN PMI 
FERRANTI REF-01AJ 9496AE 
REF-01CJ 9496CE 
ZN423T 9491AJ REF-01CP 9496CJ 
ZN423T 9491BJ REF-01DJ 9496CE 
REF-01DP 9496CJ 
INTERSIL REF-01EJ 9496EE 
ICL7112JJN 8640CN REF-01HJ 9496EE 
ICL7112JPN 8640CJ REF-01J 9496AE 
ICL7112KJN 8641CN REF-02AJ 9495AE 
ICL7112KPN 8641CJ REF-02CJ 9495CE 
ICL7112LPN 8641CJ REF-02CP 9495CJ 
ICL7112SJN 8640BN REF-02DJ 9495CE 
ICL7112TJN 8641BN REF-02DP 9495CJ 
ICL8069CCQ 9491AJ REF-02EJ 9495EE 
ICL8069CMQ 9491AM REF-02HJ 9495EE 
ICL8069DCQ 9491BJ REF-02J 9495AE 
ICL8069 9491BM 


1-14 “© TELEDYNE SEMICONDUCTOR 


Quality and Reliability Programs 


Integrated Circuit Screening 


PLASTIC PACKAGE 


STANDARD 


PER MIL-STD-883 


HI REL STANDARD 


HERMETIC PACKAGE 


HI REL 


Pre Cap Visual 30x Pre Cap Visual 30x Pre Cap Visual 30x Pre Cap Visual 30x 


Stabilization Bake 
Temp = 150°C 
Time = 96 hrs. 


Stabilization Bake 
Temp = 150°C 
Time = 48 hrs. 


Temperature Cycling 
10 Cycles 
— 65°C to + 150°C 


Electrical Test 


Ordering Part Number: 
XXXX AJ 
XXXX BJ 
XXXX CJ 


Stabilization Bake 
Temp = 150°C 
Time = 48 hrs. 


Stabilization Bake 
Temp = 150°C 
Time = 96 hrs. 


Temperature Cycling 
10 Cycles 
— 65°C to + 150°C 


Temperature Cycling 
10 Cycles 
— 65°C to + 150°C 


Package Seal 


Fine Leak. Test 
Gross Leak Test 


Electrical Test Electrical Test 
Burn-in 160 HRS. 
AT 125°C 
Electrical Test 


XXXX AJ-101 XXXX AE XXXX BN 
XXXX BC-101 XXXX AM = XXXX CE 
XXXX CJ-101 XXXX BH XXXX CN 

XXXX BM  XXXX EE 


Temperature Cycling 
10 Cycles 
— 65°C to + 150°C 


Constant Acceleration 
Y, Orientation, 30KG’s 


Package Seal 
Fine Leak Test 
Gross Leak Test 


Electrical Test 


Burn-in 160 HRS. 
AT 125°C 


Electrical Test 


QA Acceptance Tests 


XXXX AE-883B XXXX BM-883B 
XXXX AM-883B XXXX BN-883B 
XXXX BH-883B XXXX CN-883B 
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Quality and Reliability Programs 
Product Assurance Program 


The Quality Process 


Teledyne Semiconductor has 16 years of experience in producing quality devices in 
a variety of product lines. Effective quality assurance, quality control, and reliability 
monitoring, along with built-in quality, have led to a consistently reliable product satisfy- 
ing customer requirements. Such control and monitoring of manufacturing processes 
insures a quality product and consistent processes. 


To this end, Teledyne Semiconductor views the quality process in four major blocks: 
© Quality Control 

e Quality Assurance 

e Reliability 

e Quality Control Circles 


The Product Assurance Program 


The program is based on MIL-Q-9858A requirements. Under the program, Teledyne 
Semiconductor manufactures devices for commercial and industrial users, and has total 
capability for complying with all requirements of MIL-M-38510, MIL-STD-19500, MIL- 
STD-883, MIL-STD-750, and MIL-STD-202. Teledyne Semiconductor is presently qualified 
to produce discrete JAN products.* Teledyne is also involved with various integrated 
circuit users on military programs. 


The four aspects of the Product Assurance Program—Quality Control, Quality 
Assurance, Reliability and Quality Control Circles insure: 


e Every method meets established standards (Quality Control) 
e Every lot is checked to guaranteed parameters (Quality Assurance) 
e The above are effective (Reliability) 


e All workers are involved in quality and have a voice in their work (Quality Control 
Circles) 


Quality Control 


The Quality Control function handles continuous monitoring of production, from 
incoming inspection of raw materials to wafer and assembly processing. This includes 
surveillance of documentation, calibration, and environmental processing. 


The three major areas of Quality Control are: 
e Incoming Inspection 

e In-Process Control 

e Operation Surveillance 


*Includes DESC acceptance of Teledyne Semiconductor’s Quality Program at both the 
Mountain View and Hong Kong facilities. 
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Quality and Reliability Programs 


Incoming Inspection 


All purchased materials are inspected to criteria established internally based on 
finished product requirements. Control includes review by Quality Control of part draw- 
ings and purchase orders agreed to by suppliers. 


Tests are performed on all direct material using a Lot Tolerance Percent Defective 
(LTPD) of 10% in accordance with MIL-S-19500. These test results are summarized 
monthly as part of a Vendor Rating System which evaluates each supplier’s performance 
over a six month period. This evaluation aids Quality, Purchasing, and Engineering in 
determining what corrective action is necessary in order to achieve the desired incoming 
quality level. 


In-Process Inspection 


One of the most important aspects of the Product Assurance Program is the analysis 
and monitoring of virtually all production processes, equipment and devices. Process 
Control is divided into five major categories: 

e Specification Review and Approval 

e Process Audits 

e Process Monitoring 

e Process Gates 

e Operator Certification 


Every Teledyne Semiconductor generated specification is reviewed by a Quality 
Engineer to insure compliance to customer requirements as well as accuracy and 
workability of instructions. Key operations are audited periodically by the Quality Control 
Group to insure conformance to written instructions. The most vital of these operations is 
the Wafer Fabrication area. Here processes are audited daily and include checks on the 
operations, equipment and environment. 


Environmental control involves close monitoring of temperature, relative humidity, 
water resistivity and bacteria content, as well as particle content in ambient air. All 
parameters are accurately controlled to minimize the possibility of contamination or 
adverse effects due to temperature or humidity excesses. 


In addition to the specification conformance activities, the Quality Control group per- 
forms constant process monitoring at virtually every step. Results are supplied both to 
Manufacturing and Engineering, primarily in the form of trend charts. When evidence of a 
problem exists, Quality Control provides recommendations for correction and follows the 
corrective action taken. 


Various process gates exist, primarily in the assembly area. All material subjected to 
manufacturing inspections is given to the Quality Control group for an independent 
sample. Quality Control limits are based on a 10% LTPD. If the sample is acceptable the 
material continues; if not, the material is sent back to manufacturing with a recommended 
disposition. 
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Quality and Reliability Programs 


In the case of certain operations, it is more feasible for the Quality Control group to 
certify manufacturing operators, rather than continuously sample-inspect the material 
produced by that operator. The operator’s work is inspected periodically and if it fails to 
meet established criteria, the operator is sent back for further training until ready for 
recertification. 


Quality Assurance 


The Quality Assurance (QA) function involves checking the ability of manufactured 
parts to meet specifications. In addition, the QA group is responsible for calibration of all 
equipment. 


After devices are subjected to 100% testing in manufacturing, they are formed into 
lots and submitted to Quality Assurance acceptance testing. Three types of tests are 
performed on samples: Visual/Mechanical, Parametric, and Functional. The sampling is 
based on a 5% LTPD Plan. All testing is done at room and elevated temperature. Lower 
temperature testing is performed when required by the specification, or when a potential 
problem is known to exist. 


To perform the electrical testing, QA uses test systems supplied by a variety of 
manufacturers, including in-house built testers and test fixtures. 


If alot is rejected by Quality Assurance, it is returned to manufacturing for rework or 
rescreen. Upon resubmission, a sample is pulled which is one level tighter than previously 
used. If the lot fails again, special disposition is made by QA and engineering which may 
include discarding the lot. In any event, corrective action by engineering is initiated. 


An accepted lot is sent to packing and then to finished goods. When ready for ship- 
ment, the devices are submitted to a final Quality Assurance inspection where 
Visual/Mechanical tests are again performed. In addition, supporting documentation is 
verified, including QA acceptance, special customer requirements, and accuracy of the 
shipping paperwork. 


Reliability 


The Reliability Group is responsible for the following functions: 
e New Process Qualification 

e Process Change Qualification 
e Process Monitoring 

e New Device Qualification 

e Device Change Qualification 

e Device Monitoring 

e New Package Qualification 

e Package Change Qualification 
e Package Monitoring 

e Failure Analysis 
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Quality and Reliability Programs 


The Reliability program at Teledyne Semiconductor involves initial qualification on 
any new designs, processes, or packages, or changes to existing ones. A decision matrix 
is documented and is used by Engineering to determine what areas mightgrequire 
qualification testing. Reliability Engineering is brought into the change loop early, and 
working with other engineers, a stress testing plan is devised. The data from this testing 
will help determine if the change will adversely affect long term reliability and the accept- 
ability of the change is based on these test results. 


In addition, the program includes scheduled requalification of existing devices, 
processes, and packages to insure controls are producing consistently reliable products. 


Quality Control Circles 


Quality Control Circles are becoming a vital part of the quality loop at Teledyne 
Semiconductor. The concept allows each employee, particularly those directly involved in 
manufacturing, to have a voice in how to build a quality product. Volunteers within a group 
meet weekly to determine and solve problems. The initial meetings are devoted to formal 
and rigorous training where the members are exposed to various tools for determining and 
solving problems. These techniques, such as brainstorming, data collection, and data 
graphing also help each person grow as an individual. 


Some solutions to problems may be implemented on the job. Others require manage- 
ment support, and to this end, circle members are trained in management presentation. 
The goal is total employee involvement with an emphasis on building-in quality. 


Summary 


The Product Assurance Program is based on a close relationship between the Quality 
Group and the groups it services. Organizational structures do not become barriers. 
Quality is viewed as an attitude. The emphasis is on communication and problem solving 
as a team composed of professional experts in their field. 
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Quality and Reliability Programs 
Product Assurance Program Implementation 


INCOMING 
MATERIALS 


QC INSPECTION 
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SCRIBE/BREAK 
ac Heald ey QC AUDITS 
| — ee 
GATES sols QC MONITORS 
ond OPTICAL 
SEAL 
ASSEMBLY 
QC OPERATOR oo nae ceo QC AUDITS 


CERTIFICATION QC MONITORS 


TESTING 


ELECTRICAL |<«————————————————._ MANUFACTURING 


QA ACCEPTANCE 
PROGRAM VERIFICATION 
VISUAL/MECHANICAL TESTING 
FUNCTIONAL TESTING 
PARAMETRIC TESTING 
TEMPERATURE TESTING 


MARK AND 
PACK 


QA INSPECTION 
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Quality and Reliability Programs 
High Reliability Products 


JAN Qualified 


The JAN qualified product is designed to give Teledyne Semiconductor customers 
the optimum in quality and reliability. The JAN processing level is the result of the govern- 
ment’s product standardization programs, and is monitored by DESC (Defense Electronic 
Supply Center), through the use of industry-wide procedures and specifications. 


JAN qualified products are manufactured, processed and tested in a DESC certified 
facility to MIL-STD-19500 and appropriate device slash sheets. Design documentation, lot 
sampling plans, electrical test data, and qualification data for each part type has been 
approved by DESC and products appear on the DESC Qualified Products List (QPL-19500). 


Group B testing per MIL-STD-19500 and the specific device slash sheet is performed 
on each lot for each slash sheet. Group C is performed every six months. 


Generic Data 


Teledyne Semiconductor has a new program for customers who require quality con- 
formance data on their products. This program provides reliability information without the 
necessity of running Group B inspections for a particular purchase order. Generic data is 
generated on a three month (maximum) basis in accordance with the following table, and 
is compiled from data on: 


(1) JAN Quality Conformance Lots, and 
(2) Data generated by Quality Conformance Lots run for other reliability programs. 


This program: 
e Allows qualification of Teledyne Semiconductor’s products based on existing 
quality conformance data 
e Provides reduced costs and improved delivery. 
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8700 — 8705, 8750 
A/D Converters Summary Data 


CONVERSION PRINCIPLE — “Incremental Charge Balance” Technique integrates the input for noise 
rejection. 


8-bit 10-bit 12-bit. 32 digit 
CONVERSION RATE mr 800 cps 200 cps 50 cps 100 cps 
CONVERSION TIME = 1.25 ms 5ms 20 ms 10 ms 
CONVERSION MODE = Free Run: Pin 21 tied to Vpp. 


Initiate On Command: Positive Pulse on Pin 21 (500 ns Min Pulse Width). 


SUPPLY 
— Vpp: 3.5V to 7.0V Vss: —3.5V to -7.0V 


— Ipp: 1.4ma Iss: —1.6ma 


OUTPUTS 


— Datais latched in a parallel format (non-multiplexed). 
— Drives: Two low-power gates (500A sink at VoL = 0.4). 
CMOS (Fan Out of 10). 


— +10,A for Full Scale Output (scale any positive input voltage with an input 
resistor). 


INPUTS 


— -20,A Reference Current (scale any negative voltage with a reference 
resistor.) 


— Effect of Over-Voltage: None, for ljjy < 1ma. (Output stays at Full Scale.) 
— Effect of Under-Voltage: None, for lj;y < 1ma. (Output reading is 0000.) 
— For Bipolar (+) Inputs, use an Offset Resistor or an Absolute Value Circuit. 
TEMPERATURE STABILITY— Zero Point: + 30nV/°C 
— Full Scale/Gain: + 25ppm/°C (+ 0.0025%/°C) 
ACCURACY — +% Bit 


— Controls conversion time (permitting 50/60Hz conversion rate on 12-Bit for 
line rejection. 3 to 1 change is possible (see AN-9). 


— Affects op Amp Gain 
— Determines Ipp, Iss current 


BINARY OUTPUTS BCD OUTPUTS 
INITIATE 
CONVERSION es 
21 24 THREE STATE ENABLE A ) THOUSAND 
i ! D 
|» 2 c 
HUNDREDS 


5 3 


1 B 
4 
68 pF A 
ly WOHA FS. INTERNAL 2 —o o 
Vin — Cint A ° DATA output |__|6 Cc 
- z LATCHES 7 12-BIT TENS 
Rin Coame OP AMP COMPARATOR ee || 8 
270 pF 16 A ; BE 10-BIT A 
| 9 8-BIT D 
100 2 
|_|r0 c 
RpAMP | fa 3 P UNITS 
= aia ee ewe See ails aio 12 BITO 
an i | A 
100 K 8700 8701 8702 $159 
22 BUSY 8703 8704 8705 
20K 
iy 1K 
'REF Vss 'BlaS GND 23 DATA VALID 


ZERO = 13 18 7 20 
ADJUST 20 pA 
ta RRer Reias< 100K = 
Tie to Vpp for free run mode 
-5V 


Vpp. Vss: 3.5V to 7.0V 
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Monolithic CMOS 


A/D Converters 
8700 Series 


8700, 8701, 8702 
8, 10, 12 Bit 
Binary 


Features 


High Accuracy — Up to 12 Bit Resolution with 
<+%LSB Error 


Monotonic Performance — No Missing Codes 
Monolithic CMOS Construction Gives Low Power 
Dissipation — 20mW Typical 


Contains All Required Active Elements — Needs Only 

Passive Support Components, Reference Voltage And 

Dual Power Supply 

High Stability Over Full Temperature Range 

— Gain Temperature Coefficient Typically <25ppm/C 

— Zero Drift Typically <30uV/°C 

— Differential Non-Linearity Drift Typically 
<2.5ppm/°C 

Latched Parallel Binary Outputs 

LPTTL And CMOS Compatible Outputs And Control 

Inputs 


Strobed Or Free Running Conversion 


Infinite Input Range — Any Positive Voltage Can Be 
Applied Via A Scaling Resistor 


Absolute Maximum Ratings 


Storage Temperature 


Operating Temperature | (N Package) 


-65°C to +150°C 
—40°C to +85°C 


(J Package) x 
Vpp — Vss 


18V 

+10mA 

+10mA 

—0.3 to Vpp +0.3V 
3.5V to 7V 
500mW 


° 


Lead Temperature 
(Soldering, 10 seconds) 


HANDLING PRECAUTIONS 
The 8700 series are CMOS devices and must be handled correctly to 
prevent damage. Package and store only in conductive foam, anti-static 
tubes or other conductive material. Use proper anti-static handling 
procedures. Do not connect in circuits under ‘‘power on” conditions, 
as high transients may cause permanent damage. 
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General Description 


The Teledyne Semiconductor 8700/8701/8702 are 8/10/12 
bit monolithic CMOS analog-to-digital converters. Fully self- 
contained in a single 24-pin dual in-line package, each converter 
requires only passive support components, voltage or current 
reference and power supplies. 


Conversion is performed by an incremental charge balancing 
technique which has inherently high accuracy, linearity and 
noise immunity. An amplifier integrates the sum of the un- 
known analog current and pulses of a reference current, and 
the number of pulses (charge increments) needed to maintain 
the amplifier summing junction near zero is counted. At the 
end of conversion the total count is latched into the digital 
outputs as an 8/10/12 bit binary word. 


Connection Diagram 


Order Part Numbers: 


J Package 
24-Pin Plastic DIP 
(0°C to 70°C) 
8700CJ — 8 bit 


N Package 
24-Pin Ceramic DIP 
(-40°C to +85°C) 
8700CN — 8 bit 
8701CN — 10 bit 
8702CN — 12 bit 


BIT 11 (MSB FOR 8702) [_| 14 


BiT10[ | 2 DATA VALID 
BIT 9 (MSB FOR 8701) [|_| 3 22 | ] Busy 
BiTs[ |4 21| | INITIATE CONVERSION 
BIT 7 (MSB FOR 8700) [_|5 20 | | GND 
BiT6 [_|6 19| | Vpp 
DIGITS OUT 
BiTs [_|7 Vss 
BiIT4[_|8 IBIAS 
BIT3[ ]9 ZERO ADJUST 
Bit2[_] 10 AMPLIFIER OUT 
BiT1[ ]11 ln 
BIT 0 (LsB) [_] 12 IREF 
NOTE: Pin 1 indicated by adjacent dot or indent (N package), or end 


notch (J package). Do not make connections to pin 1, 2, 3 
or 4 on 8700; pin 1 or 2 on 8701. These pins are internally 
connected. 
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CMOS 8700 Series 


Electrical Characteristics Unless otherwise specified, Vpp = +5V, Vss = —5V, VGND = 0,VREF = —6.4V, RBIAS = 100KQ, 
test circuit shown. T, = 25°C unless Full Temp. Range is specified (—40°C to +85°C for N package, 0°C to 70°C for J package). 


CT 


Accuracy 


Binary word length of digital output 
8700 
8701 
8702 
Output deviation from straight line 


Resolution Accuracy 


Relative Accuracy 


between normalized zero and full 


scale input 


Deviation from 1 LSB between 
transition points +1/4 +1/2 
Variation in Differential Non- 
Linearity due to temperature 
change ppm/°C 
Variation from exact A (compen- % of 
sate by trimming Riy or RREF) Nominal 
Variation in A due to temperature 
change ppm/°C Full Temp. Range 
are Ee a ‘ = a ae 
Full scale analog input current to 
achieve specified accuracy 
Reference current input to 
achieve specified accuracy 
Initiate Conversion Input ee Tao 
Logical ‘’0’’ input threshold for 
a) . Full Temp. Range 
Initiate Conversion input 


4.5 Vv 
2.4 Vv 


Differential 


Non- Linearity 
Differential Non- 


Linearity Temperature 
Drift 


Full Temp. Range 


Gain Variance 


Gain Temperature 
Drift 


Zero Offset Correction at zero adjust to give 


zero output when input is zero 


Zero Temperature Variation in zero offset due to 


Drift 


temperature change 


Analog Inputs 


l1N Full Scale 


IREF (Note 1) 


Digital Inputs 
Vin (1) 


Logical ‘1’ input threshold f 
ogica input threshold tor Full Temp. Range 


Digital Outputs 
VouT (1) 


Logical ‘’1’’ output voltage for 
Digits Out, Busy, and Data 
Valid Outputs 


Full Temp. Range 
louT = —10uA 
louT = —360uA 


Full Temp. Range 
Vpp =4.75V, 
louT = 360uA 


Logical ‘’0” output voltage for 
Digits Out, Busy, and Data 
Valid Outputs 


Vout (0) 


Dynamic 


Conversion Time Time required to perform one 


Full Temp. Range 


VINIT CONV = +5V 


Full Temp. Range 


complete A/D conversion 8700 


Conversion Rate in 
Free-Run Mode 


Minimum Pulse Width 


for Initiate Conversion 


Supply Current 


IDp Quiescent 
(N Package) 
(J) Package) 

Iss Quiescent 

(N Package) 

(J Package) 

Supply Sensitivity 


Current required from positive 


supply during operation 
Full Temp. Range 


VINIT CONV = OV 


Current required from negative 


supply during operation 


Change in full scale gain vs supply 


Vpp t1V,Vss + 1V 
voltage change DP a8 


Change in full scale gain vs supply 


IVppl = |Vssl = 5V + 1V 
voltage change for tracking supplies DD 5S 


NOTE: lj and IREF Pins connect to the summing junction of an operational amplifier. Voltage sources cannot be attached directly but must be 


buffered by external resistors. See Test Circuit. 
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Test Circuit 


INITIATE 
CONVERSION 
° 


C 
Rin INT 
* 68 pF 

IMQ 
Vin 0 - INTERNAL 
' — 14 CLOCK 
270pF 
lin = 10uA F.S. & 


CONTROL 
LOGIC 


il OP AMP 


+ 


10022 16 


+5V 


20K 


—5V 


ZERO = 
ADJUST 
—20pA RREF* 
320KQ 
GAIN 
ADJUST 


50K22 
VREF © 


13 20 


ReBias 100K 


0.1uF 
a 


—5V 


Circuit Description 


During conversion the sum of a continuous current I), and 
pulses of a reference current IREF is integrated for a fixed 
number of clock periods. Ij) is proportional to the analog 
input voltage; IREF is proportional to the reference voltage 
and is of opposite sign to lj\. IREF is switched in for exactly 
one clock period just frequently enough to maintain the 
summing input of the integrator near zero. Thus, the charge 
from the continuous Ijjy current is balanced against the 
pulses of IREF current. The total number of IREF pulses 
needed during the conversion period to maintain the charge 
balance is counted, and the result (in binary) is latched into 
the outputs at the end of conversion. 


The converter contains two counters and a clock in addition 
to an operational amplifier, comparator latching output 
buffers and housekeeping logic. One counter is a clock counter 
which (after a reset pulse) starts counting clock pulses; when 
the required count is reached, the clock counter generates a 
pulse to start the end-of-conversion routine. The other counter 
is a data counter, which is reset synchronously with the clock 


Timing Diagrams (Rise, fall times = 200ns typ., CL = 50pF) 


CLOCKED MODE 


Vin bs 
INITIATE ( 
CONVERSION Yy 7 DON'T CARE 
0 f G YIM) 
Vou 
BUSY ne — 
VoL 
VoH 
DATA 
VALID 
VoL 
Yon SS W 
DIGITS GK 
OUT CHANGING) 
VoL 
zB 500ns 
i TYP 
CONVERSION TIME 
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ae 22 BUSY 


CMOS 8700 Series 


BINARY OUTPUTS 


= 


OUTPUT 
LATCHES 


DATA 
COUNTERS 


12-BIT 


10-BIT 


=) 
yl 


8-BIT 


8700 8701 8702 


23 DATAVALID, 


*Any VR_EF greater than —1V can be used. 
VREF 

—20uA 

For example with VRer = —5V, Rrepf = 250K. 


RREF = 


counter and counts the number of times the IREF current is 
switched into the summing input of the amplifier during the 
period defined by the clock counter. 


When the Initiate Conversion input is strobed with a positive 
signal, the busy line latches high and a 10ys (times given are 
approximate) start up cycle begins. The integrating capacitor 
is discharged and both counters are reset during this start up 
period. Conversion begins at the end of the reset pulse and 
ends with a pulse generated either by the clock counter or by 
an overflow condition in the data counter. This pulse disables 
further inputs into both counters and triggers a 10us shutdown 
cycle. During the shutdown cycle Data Valid goes low for 5us. 
This binary sequence is shown in the timing diagrams. Busy is 
true high, and when the circuit is busy, Initiate Conversion has 
no effect and may be high or low. Data Valid is also true high. 
The data from a conversion remain valid for as long as power 
is applied to the circuit or until Data Valid falls at the end of a 
subsequent conversion, at which time the output data are 
updated to reflect the latest conversion. 


FREE-RUN MODE 
aa 


gy 
WZ DATK 
CHANGING? 
RECYCLE 
<—— CONVERSION TIME 
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Pin Functions 


Initiate Conversion Input — Accepts CMOS and most 5V 
logic inputs. Applying a logic ‘’1” to the Initiate Conversion 
pin initiates the A/D conversion cycle. Once conversion has 
been initiated, the cycle cannot be interrupted, and the 
Initiate Conversion pin is disabled until conversion is com- 
plete. Two modes of operation are permitted, clocked or 
free-running. For clocked operation the Initiate Conversion 
input is held at logic ‘0’ for standby and taken to logic “1” 
when a conversion is desired. For free-running operation the 
Initiate Conversion pin is connected to Vpp or similar per- 
manent logic ‘’1”’ voltage. 


Busy Output — A digital status output which is compatible 
with CMOS logic and low power TTL (can sink and source 
500uA). A logic ‘1’° output on the Busy pin indicates a 
conversion cycle is in process. A logic ‘’1” to logic ‘‘0” transi- 
tion indicates that conversion is complete and the result has 
been latched at the Digits Out pins. A logic “0” to logic “1” 


Applications Information 


Input/Output Relationships — The analog input voltage (V|N) 
is related to the output by the transfer equation: 


Vin *A*RREF 
Rin ° VREF 
A= 528 for 8700 


A = 2064 for 8701 
A = 8208 for 8702 


DIGITAL COUNTS = 


where DIGITAL COUNTS is the value of the binary output 
word presented at Digits Out pins in response to V|N. 


The digital output code format is as follows: 


ANALOG INPUT DIGITAL OUTPUT 


MSB LSB 

VIN = Full Scale 1 s111... 1 
= Full Scale — 1LSB 1 sTUAees 1 

= 1LSB .000... 1 

<0 .000... 0 


Two’s complement coding can be generated by inverting the 
Most Significant Bit (MSB) signal. 


External Component Selection — Obtaining a high accuracy 
conversion system depends on the voltage regulation of VREF 
and the thermal stability of Rjyy and RREF. The exact depen- 
dence is given by the transfer function. System accuracy also 
depends, to a lesser degree, on the voltage regulation of 
Vpp and Vss. The supply connections Vpp and Vsg should 
have bypass capacitors of value O.1uF or larger right at the 
device pins. 
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CMOS 8700 Series 


transition indicates a new conversion cycle has been initiated. 
If the device is operating in the free-running mode, the Busy 
output will remain low for approximately 2.5us, marking the 
completion and initiation of consecutive conversion cycles. 


Data Valid Output — A digital status which is compatible with 
CMOS logic and low power TTL (can sink and source 500A). 
A logic 1’ output at the Data Valid pin indicates that the 
Digits Out pins are latched with the result of the last conver- 
sion cycle. The Data Valid output goes to logic ‘’0” approxi- 
mately 5us before the completion of a conversion cycle. 
During this 5us interval new data is being transferred to the 
Digits Out pins, and the Digits Out are not valid. 


Digits Out (Bit 0, Bit 1, etc.) — The binary digit outputs which 
are the result of the A/D conversion. These outputs are CMOS 
logic and low power TTL compatible. 


Rin, RREF — Values of these components are chosen to give 
a full scale input current of approximately 10uA and a 
reference current of approximately —20uUA. 


VREF 


~ WIN FULL SCALE 


R 
" 10NA 


Examples: 


—6.4V 


R aid 1M 
IN = = 
10uA = 
Note that these values are approximations, and the exact 
relationships are defined by the transfer equation. In practice, 
the value of RjN typically would be trimmed using the 


optional gain adjust circuit to obtain full scale output at 
VINFULL SCALE (see adjustment procedure.) Metal film 
resistors with 1% tolerance or better are recommended for 
high accuracy applications because of their thermal stability 
and low noise generation. 


RBIAS — Specifications for the 8700 series are based on 
RBIAS = 100K922+ 10% unless otherwise noted. However, 
there are instances when the designer may want to change this 
resistor in order to affect the conversion time and the supply 
current. By decreasing RgjAs the A/D will convert much 
faster and the supply current will be higher. (For example: 
When RpiAg is 20K the conversion time is reduced by 1/3, 
and the supply current will increase from 2mA to 7mA.) 
Likewise, if the Rp|As is increased the conversion time will be 
longer and the supply current will be much lower. (For exam- 
ple: When RBiAS=1mQ the conversion time will be six 
times longer, and the supply current is now reduced to .5 mA.) 
For details of this relationship refer to AN-9 typical perfor- 
mance curves. 
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Applications Information (contd.) 


RpaAmp— Exact value not critical but should have a nominal 
value of 10082 10%. Locate close to pin 14. 


Cpamp — Exact value not critical but should have a nominal 
value of 270 pF +20%. Locate close to pin 14. 


CintT — Exact value not critical but should have a nominal 
value of 68 pF +10%. Low leakage types are recommended, 
although mica or ceramic devices can be used in applications 
where their temperature limits are not exceeded. Locate as 
close as possible to pins 14, 15. 


VREF — A negative reference voltage must be supplied. This 
may be obtained from a constant current source circuit or 
from the negative supply. 


Vpp. Vss — Power supplies of +5V are recommended, with 


1uF aluminum decoupling capacitors. 


Typical Circuits 


Reference Voltage Supply 


A. —5V Reference 


-V 


7905 
REGULATOR 


Power Reduction 
Reduces power consumption to approximately 500UA. 


A. Switch Controlled—relay 
could be substituted for switch. 


17 
8700 
100K2 1MQ SERIES 
A/D 
CONTROL , 
18 (TTL INPUT) 


CMOS 8700 Series 


Adjustment Procedure — The test circuit diagram shows 
optional circuits for trimming the zero location and _ full 
scale gain. Because the digital outputs remain constant outside 
of the normal operating range (i.e. below zero and above 
full scale), it is recommended that transition points be used 
in setting the zero and full scale values. Recommended pro- 
cedure is as follows: 


1. Set the initiate conversion control high to provide free-run 
operation and verify that converter is operating. 


2. Set Vj to +4 LSB and trim the zero adjust circuit to obtain 
a 000 ...000...to 000... 001 transition. This will 
correctly locate the zero end. 


3. For full scale adjustment, set Vij to the full scale value 
less 1%LSB and trim the gain. adjust circuit fora 111... 
110 to 111... 111 transition. 


If adjustments are performed in this order, there should be no 
interaction and they should not have to be repeated. 


B. —2V Reference for 8700 using voltages derived from 8080A uP. 


+5V 45% 


7.5mA 
TO RreF (100K) 


FOR 8700 


B. TTL System-Controlled—trades off additional power 
consumption at system for reduced usage at remote A/D. 


+5V 
@) 


8700 

SERIES 
1N914 A/D 
18 
2N3903 CONTROL 
LINE 
SYSTEM 
+ REMOTE 


O O 
—12V —5V 
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Typical Circuits (contd.) 


Free-Running Conversion Rate Control 


MULTIVIBRATOR 
74C04 


8700 
SERIES 


Bipolar Operation 
A. Offset Binary 


—VREF 
Oo 


ROFFSET 


CMOS 8700 Series 


Multivibrator circuit at Pin 21 (Initiate Conversion) 
strobes converter at rates slower than the normal 
AID free-run mode, (T = RyxC,) 


741 OR (a cen ee 
EQUIV. 1 
| | 
I 
- + — 
VIN o 5TO+5uA 14 mec | 
(=10V) Rin - iS 
(2MQ) ae lL 
Ro Rpamp b 
Vo= — =~ (Vrer) 
R4 8700 SERIES 


Two’s complement coding may be generated 
by inverting the MSB output. 


B. Magnitude-and-Sign Binary 


+5V 
Oo 


—VREFO 


ZN 
1N4148 
(3) 


ZN 


o SIGN BIT 
LOGIC OUTPUT 
(1=+,0=—) 


. 2N2222 
OR EQUIV. 


*Optional visual indication of negative input 
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A/D CONVERTER 


8700 SERIES 
A/D CONVERTER 


CMOS 8700 Series 
Typical Circuits (contd.) 


12-Bit Serial or 3 x 4-Bit Parallel Output Format 


ae Bares ee ee ee eee Pe ee ee 


— 


senia— 
| oe 


12 CLOCK PULSES FOR 12 BIT SERIAL OUT 


—_—_——_——1 
SS 


o— = See ae 
lL. 4 466K» |. setoek — 


. PULSES PULSES 
System reads parallel outputs at clock pulse 1, 5,9 
Shift/load may be taken low when Data Valid goes high or at fixed time ty, after INIT CONV 
(ty 2 24 ms for 8702). Shift/load then must return high before clock pulse 2 and must remain high 


until all data is read out. Recommended clock frequency 1 kHz min for serial, 750 Hz min for parallel 
output, 


INIT 
CONV 
eos © CLOCK 


caaice J S/LCK 
4-BIT 
D74C195 Q PARALLEL 
OUT 


so 


O O 
DATA VALID SERIAL OUT 
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8700, 8701, 8702 


TYPICAL PERFORMANCE CURVES 


CONVERSION TIME 


CONVERSION TIME 


vs TEMPERATURE 


vs Reias 


w 
N 
Ss = 
mes Oo 
2. fe 
ay a 
= «& LO 
Ye) = o> 
ee me 
a wi af 
oO oo 
oOo = apa 
i 17) 
uw DN wy 
iy > 
w 
uw 
l 
JINIL NOISHAANOO (ww)SS; ‘dd; 
G4AZIIWWYON 
r EEE ET] 
=e Ce 
a r N 
_—~ _ 
@ 28 Perl 
5 o> WALL 
fe) > 
D oH Z| Te) 
t wid 
Fa} >o | 
oc 23 LF am 
a OER 
ie LA 
N 


JWIL NOISHSANO9 
GSZIIVINYON 


JAINIL NOISHAANOO 
GAZIIVWINYON 


Vss(VOLTS) 


Vpp= 


Vss( VOLTS ) 


VDD= 


SUPPLY CURRENT 
vs TEMPERATURE 


SUPPLY CURRENT 


(yw)SS} ‘aq; 


(wu)SS| ‘dd; 


25 50 75 100 125 


—55-25 0 


100K 


TEMPERATURE(°C) 


Reias(OHMS) 
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-10 


2 


LINEARITY ERROR (LSB) 


VOH (VOLTS) 


VOL (VOLTS) 


8700, 8701, 8702 


TYPICAL PERFORMANCE CURVES 


OUTPUT SOURCE CURRENT 
vs TEMPERATURE 


A 


IOH(mA) 


OUTPUT SINK CURRENT 
vs TEMPERATURE 


sel 
Aman eval 
IY ae 


| 


P77 
aaa 


lo_ (mA) 


LINEARITY VS Iper 


2 5 10 20 50 100 200 500 


IREF(HA) 


VOL (VOLTS) VOH (VOLTS) 


NORMALIZED PROP. 


DELAY 


OUTPUT SOURCE CURRENT 
vs SUPPLY VOLTAGE 


Vpp = 7V 
Vss =-7V 


IOH(mA) 


OUTPUT SINK CURRENT 
vs SUPPLY VOLTAGE 


P24 dey 3) abs 
ell Vss =-7V 
FS | 10 


lOL(mA) 


TRI-STATE PROPAGATION 


eeaecs 
Tae Tyee 

Pee laslmete 2 
BRC ae; 


-55-25 0 25 50 75 100 125 


TEMPERATURE (°C) 
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Typical Circuits (contd.) 


Digital Temperature Monitor 


Ry. 
LSB 
8700 SERIES Bigs 
A/D - QUTPUTS 
CONVERTER mae 
MSB Rs. 
Rs. 
VREF: 


—15V 


8-Bit Microprocessor Interface 


CMOS 8700 Series 


Typically 10K min. This resistor should be 
chosen for the proper loading R,_ of the 
LX5700A. 

This resistor is adjusted to give a full scale 
reading of 10.00V for the A/D. 

Is set to give minimum offset. The value is 
approximately equal to Ro II Ry. 

1M typical. This resistor is adjusted to give 
full scale gain for the A/D. 

7.5KQ. Rg = (Vt — 6.8) x 107-39, 

The value of Vpe_er is chosen to set the 
temperature range desired. 


1/0 PORT 


8080 SYSTEM 
LOGIC 


ADDRESS BUS (16) 


DATA BUS (8) 


CONTROL BUS 


WAIT 


REQUEST 


% 74101 % 74C02 


DATA 
VALID 


8700 
A/D 


1/0 PORT 


INIT 
conv Vpp 


SELECT/DECODE 


ACTIVE LOW 


DATA LINES (8) 


Physical Di i — 
ysica Imensions 
24 13 min? 
| | T 
| 
1.290 me io 1.255 bal 
1.240 045 610 
| veueeene 520 020 -158 ‘ba0 | -828 
150 MIN. max. >] O18 : ~~ MAX. 
015 ie ane os LF 
008 2.1 ee J 136 L .010 
i | .052 . 110 085 = -120 .675 
110 .070 .200 |____ 620 “04a 
090 -| te (023 030 120 |__| a re age 822 
1014 é 
N Package J Package 


24-Pin Ceramic DIP 


2-12 


24-Pin Plastic DIP 
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Monolithic CMOS 


A/D Converters 
8700 Series 


8703, 8704, 8705 
8, 10, 12-Bit 
Three-State Binary 


Features 
Microprocessor Compatible 


High Accuracy — Up to 12 Bit Resolution with 
<+/%LSB Error 


Monotonic Performance — No Missing Codes 


Monolithic CMOS Construction Gives Low Power 
Dissipation — 20mW Typical 

Contains All Required Active Elements — Needs Only 
Passive Support Components, Reference Voltage And 
Dual Power Supply 


High Stability Over Full Temperature Range 

— Gain Temperature Coefficient Typically <25ppm/°C 

— Zero Drift Typically <30uV/°C 

— Differential Non-Linearity Drift Typically 
<2.5ppnV/°C 


Latched Parallel Binary Outputs — Bus Organized 


LPTTL And CMOS Compatible Outputs And Control 
Inputs 


Strobed Or Free Running Conversion 


Infinite Input Range — Any Positive Voltage Can Be 
Applied Via A Scaling Resistor 


Absolute Maximum Ratings 


Storage Temp. — 65°C to + 150°C 


Operating Temp. BH/BN — 55°C to + 125°C 
CN 
CJ 


— 40°C to + 85°C 
0°C to +70°C 
Tin TO] 


Lead Temperature 300°C 


(Soldering, 10 seconds) 
HANDLING PRECAUTIONS 
The 8700 series are CMOS devices and must be handled correctly to 
prevent damage. Package and store only in conductive foam, anti-static 
tubes or other conductive material. Use proper anti-static handling 
procedures. Do not connect in circuits under ‘‘power on” conditions, 
as high transients may cause permanent damage. 


General Description 


The Teledyne Semiconductor 8703/8704/8705 are 8/10/12 
bit monolithic CMOS analog-to-digital converters. Fully self- 
contained in a single 24-pin dual in-line package, each converter 
requires only passive support components, voltage or current 
reference and power supplies. 


Conversion is performed by an incremental charge balancing 
technique which has inherently high accuracy, linearity and 
noise immunity. An amplifier integrates the sum of the un- 
known analog current and pulses of a reference current, and 
the number of pulses (charge increments) needed to maintain 
the amplifier summing junction near zero is counted. At the 
end of conversion the total count is latched into the digital 
outputs as an 8/10/12 bit binary word. The OUTPUT ENABLE 
control switches the outputs to a high impedance or off state 
when held high. The off state allows bus organized output con- 
nections. 


Connection Diagram 


Order Part Numbers: See Page 2-20 


BIT 11 (MSB FOR 8705) [| 1 OUTPUT ENABLE 


DATA VALID 
BIT 9 (MSB FOR 8704)[ | 3 BUSY 


INITIATE CONVERSION 


DIGITS OUT 


16 | _] ZERO ADJUST 


15 |] AMPLIFIER OUT 
14 | | lin 


13 |] tree 


Note: Pin 1 indicated by adjacent dot or indent (N package), end notch (J 
package), or lead extension (H package). Do not make connections to pin 1, 
2, 3, or 4 on 8703; pin 1 or 2 on 8704. These pins are internally connected. 
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CMOS 8703, 8704, 8705 


Electrical Characteristics 


Unless otherwise specified, Vpp = +5V, Vss = -5V, VGnp = 0, VREF= -6.4V, Raias = 100KQ, test circuit shown.T, = 25°Cunless Full 
Temp. Range is specified.(-65°C to + 125°C for BN and BH package,-40°C to + 85°C for CN package, 0° to 70°C for CJ package.) 


CJICN BN/BH 


Accuracy 
Resolution Accuracy 


~ 


= 
oO 


Bits 
Bits 
Bits 
LSB 
LSB 


+5 ppm/°C 


bs 


ne] 


Binary word length of digital output 

8703 
8704 
8705 


| Min | 
8 


Relative Accuracy Output deviation from straight line +, + V2 +2 
between normalized zero and full 
scale input 8705 CJ(only) 


Differential Deviation from 1LSB between 
Non-Linearity transition points 


Differential Non- Variation in Differential Non- 


= 
oO 


+V% + + V2 


-Linearity Temperature Linearity due to temperature 


Drift change 


Gain Variance Variation from exact A (compen- 
sate by trimming Rix or RRer 


Full Temp. Range 
% of 
Nominal 
ppm/°C Full Temp. Range 
Full Temp. Range 


+ 


Gain Temperature Variation in A due to temperature 
Zero Offset Correction at zero adjust to give 
a 
Zero Temperature Variation in zero offset due to 
Analog Inputs 
In Full Scale 


a 
les} 


0 


oO 
o 
fo) 


8 ppm/°C 


Full scale analog input current to 


mV 
achieve specified accuracy 10 pA 
pA 


IREF (Note 1) Reference current input to 
achieve specified accuracy 


Digital Inputs 
Vin (1) Logical 1” input threshold for 
Output Enable and 
Initiate Conversion Input 
Vin (0) Logical “0” input threshold for 
Output Enable and 
Initiate Conversion Input 


Propagation Delay 
Output Enable TPLH, TPHL 


Full Temp. Range 


Full Temp. Range 


CL = 100 pF, Ri = 1KQ 


+ 
lef |] FRE Z 
a a a (3) on 


1,000 
Digital Outputs 
lQ(OFF) Off-state output current +10 OE = 3.5V, 0.4V<V,<2.4 
Vout (1) Logical ‘1" output voltage for Full Temp. Range 
Digits Out, Busy, and Data louT =—102A 
Valid Outputs lout =-500pA 


Logical 0” output voltage for 
Digits Out, Busy, and Data 
Valid Outputs 


Full Temp. Range 
Vpp = 4.75V, 
lout = 500nA 


oO 
> 


\ It it it 
Oo wo oa ie) o 


oun >_> OD ow 
r 


Dynamic 
Conversion Time Time required to perform one 
complete A/D conversion 
ms Full Temp. Range 


a @o oO o a 


to 
B 
3 
an 


Ne nd = 
RO a po 


Conversion Rate in 
Free-Run Mode 


Conv'ns 
per 
Second 


VINIT CONV = +5V 
Full Temp. Range 


Full Temp. Range 
VINIT CONV = OV 


42 50 
Minimum Pulse Width 500 
Pe eee 
Supply Current 
Ipp Quiescent Current required from positive 
(H/N Package) supply during operation 
(J Package) 


sg Quiescent urrent required from negative | 


3. 


a 
3 
> 


(H/N Package) supply during operation 
(J Package) 


Full Temp. Range 


VINITCONV = OV 
Vpop +1V,Vsg+1V 


Change in full scale gain vs supply 
voltage change 

Change in full scale gain vs supply 
voltage change for tracking supplies. 


|Vppl =| Vss]= 5V + 1V 


NOTE: lj, and Iperf pins connect to the summing junction of an operational amplifier. Voltage sources cannot be attached directly but must be buffered by external resistors. See Test 
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Circuit. 


Test Circuit 


INITIATE 
CONVERSION 


C 
RIN INT 
68 pF 
1MQ* 
Vin © - - INTERNAL 
=  270pF 14 CLOCK 
IN = 10uA F.S. OP AMP COMPARATOR & 
CONTROL 
1002 16 LOGIC 


+ 


+5V 


20K 


20 


13 18 7 


RREF* Rpias > 100K 


301K), 


—20nA = 


GAIN* 
ADJUST 6 


50Ki2 =aV, 


0.1uF 


b 
VREF 


Circuit Description 


During conversion the sum of a continuous current I|\y and 
pulses of a reference current IREF is integrated for a fixed 
number of clock periods. Ij, is proportional to the analog 
input voltage; |REF is proportional to the reference voltage 
and is of opposite sign to lj\. [REF is switched in for exactly 
one clock period just frequently enough to maintain the 
summing input of the integrator near zero. Thus, the charge 
from the continuous Ijjj current is balanced against the 
pulses of IREF current. The total number of IREF pulses 
needed during the conversion period to maintain the charge 
balance is counted, and the result (in binary) is latched into 
the outputs at the end of conversion. 


The converter contains two counters and a clock in addition 
to an operational amplifier, comparator, latching output 
buffers and housekeeping logic. One counter is a clock counter 
which (after a reset pulse) starts counting clock pulses; when 
the required count is reached, the clock counter generates a 
pulse to start the end-of-conversion routine. The other counter 
is a data counter, which is reset synchronously with the clock 


Timing Diagrams (Rise, fall times = 200ns typ., C. = 50pF) 


CLOCKED MODE 


1H ’ 
INITIATE 
DON'T CARE 
CONVERSION Yy Z 
ene Yy WL 
Vou 
BUSY ao oe 
VoL 
H a fen 
pata 2 
VALID 
VoL 
VoH W 
DIGITS GK 
OUT CHANGING? 
| a 
| u eee 500ns 
TYP 
CONVERSION TIME 
2-15 


+ 
: 


CMOS 8703, 8704, 8705 


BINARY OUTPUTS 


24 ENABLE 


=) 


OUTPUT 
LATCHES 


DATA 
COUNTERS 


12-BIT 


10-BIT 
8-BIT 


Oo 
6600000006666 6 


8703 8704 8705 


22 BUSY . 
23 DATA VALID. 


*Any VRe_EF greater than —1V can be used. 
VREF 
—20uUA 
For example with VRer = —5V, RRerf = 250K. 


RREF = 


counter and counts the number of times the IREF current is 
switched into the summing input of the amplifier during the 
period defined by the clock counter. 


When the Initiate Conversion input is strobed with a positive 
signal, the busy line latches high and a 10us (times given are 
approximate) start up cycle begins. The integrating capacitor 
is discharged and both counters are reset during this start up 
period. Conversion begins at the end of the reset pulse and 
ends with a pulse generated either by the clock counter or by 
an overflow condition in the data counter. This pulse disables 
further inputs into both counters and triggers a 10us shutdown 
cycle. During the shutdown cycle Data Valid goes low for 5ys. 
This binary sequence is shown in the timing diagrams. Busy is 
true high, and when the circuit is busy, Initiate Conversion has 
no effect and may be high or low. Data Valid is also true high. 
The data from a conversion remain valid for as long as power 
is applied to the circuit or until Data Valid falls at the end of a 
subsequent conversion, at which time the output data are 
updated to reflect the latest conversion. 


FREE-RUN MODE 
————_—_—_—_ —— 


gy 
oem | 
CHANGING 
LA 
RECYCLE 
=—— CONVERSION TIME —= TIME — 
=2.5us 
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Pin Functions 


Initiate Conversion Input — Accepts CMOS and most 5V 
logic inputs. Applying a logic ‘’1” to the Initiate Conversion 
pin initiates the A/D conversion cycle. Once conversion has 
been initiated, the cycle cannot be interrupted, and the 
Initiate Conversion pin is disabled until conversion is com- 
plete. Two modes of operation are permitted, clocked or 
free-running. For clocked operation the Initiate Conversion 
input is held at logic ‘’O” for standby and taken to logic “1” 
when a conversion is desired. For free-running operation the 
Initiate Conversion pin is connected to Vpp or similar per- 
manent logic ‘1’ voltage. 


Busy Output — A digital status output which is compatible 
with CMOS logic and low power TTL (can sink and source 
500uUA). A logic ‘1’ output on the Busy pin indicates a 
conversion cycle is in process. A logic “1” to logic ‘‘O” transi- 
tion indicates that conversion is complete and the result has 
been latched at the Digits Out pins. A logic “0’’ to logic “1” 


Applications Information 


Input/Output Relationships — The analog input voltage (V|jy) 
is related to the output by the transfer equation: 


Vin *A*RREF 
Rin ° VREF 
A = 528 for 8703 


A= 2064 for 8704 
A = 8208 for 8705 


DIGITAL COUNTS = 


where DIGITAL COUNTS is the value of the binary output 
word presented at Digits Out pins in response to Vjj. 


The digital output code format is as follows: 


ANALOG DIGITAL 
INPUT MSB LSB 
VIN => Full Scale Tiaee td 1 tase 4 
= Full Scale -- 1 LSB 1...111...1 
= 1LSB .O00...1 
<0 .000...0 


Two’s complement coding can be generated by inverting the 
Most Significant Bit (MSB) signal. 


External Component Selection — Obtaining a high accuracy 
conversion system depends on the voltage regulation of VREF 
and the thermal stability of Rjjy and RREf. The exact depen- 
dence is given by the transfer function. System accuracy also 
depends, to a lesser degree, on the voltage regulation of 
VpDpD and Vgs. The supply connections Vpp and Vgg should 
have bypass capacitors of value O.1uF or larger right at the 
device pins. 


CMOS 8703, 8704, 8705 


transition indicates a new conversion cycle has been initiated. 
If the device is operating in the free-running mode, the Busy 
output will remain low for approximately 2.5us, marking the 
completion and initiation of consecutive conversion cycles. 


Data Valid Output — A digital status which is compatible with 
CMOS logic and low power TTL (can sink and source 500A). 
A logic “1” output at the Data Valid pin indicates that the 
Digits Out pins are latched with the result of the last conver- 
sion cycle. The Data Valid output goes to logic ‘‘0"’ approxi- 
mately 5us before the completion of a conversion cycle. 
During this 5us interval new data is being transferred to the 
Digits Out pins, and the Digits Out are not valid. 


Digits Out (Bit 0, Bit 1, etc.) — The binary digit outputs which 
are the result of the A/D conversion. These outputs are CMOS 
logic and low power TTL compatible. 


Rin, RREfF — Values of these components are chosen to give 
a full scale input current of approximately 10uA and a 
reference current of approximately —20uUA. 


RIN& VIN FULL SCALE = VREF 
10uA —20uA 
Examples: 
ee =e R PAV | 300K 
IN = = EF= 7 
10uA i —20uA 


Note that these values are approximations, and the exact 
relationships are defined by the transfer equation. In practice, 
the value of Rij typically would be trimmed using the 
optional gain adjust circuit to obtain full scale output at 
VINFULL SCALE (see adjustment procedure.) Metal film 
resistors with 1% tolerance or better are recommended for 
high accuracy applications because of their thermal stability 
and low noise generation. 

RBIAS — Specifications for the 8700 series are based on 
RBIAS = 100KQ2+ 10% unless otherwise noted. However, 
there are instances when the designer may want to change this 
resistor in order to affect the conversion time and the supply 
current. By decreasing RpjAs the A/D will convert much 
faster and the supply current will be higher. (For example: 
When RpiAs is 20K the conversion time is reduced by 1/3, 
and the supply current will increase from 2mA to 7mA.) 
Likewise, if the Rp|As is increased the conversion time will be 
longer and the supply current will be much lower. (For exam- 
ple: When RpjAs = 1mQ2 the conversion time will be six 
times longer, and the supply current is now reduced to .5 mA.) 
For details of this relationship refer to AN-9 typical perfor- 
mance curves. 


“TELEDYNE SEMICONDUCTOR 


Applications Information (contd.) 


Rpamp-— Exact value not critical but should have a nominal 
value of 10022 +10%. Locate close to pin 14. 


Cpamp — Exact value not critical but should have a nominal 
value of 270 pF +20%. Locate close to pin 14. 


CinT — Exact value not critical but should have a nominal 
value of 68 pF +10%. Low leakage types are recommended, 
although mica or ceramic devices can be used in applications 
where their temperature limits are not exceeded. Locate as 
close as possible to pins 14, 15. 


VREEF — A negative reference voltage must be supplied. This 
may be obtained from a constant current source circuit or 
from the negative supply. 


Vpp, Vss — Power supplies of +5V are recommended, with 
0.1uF decoupling capacitors. 


Application/Design Circuits 


Bipolar Operation (+ and — inputs) 


CMOS 8703, 8704, 8705 


Adjustment Procedure — The test circuit diagram shows 
optional circuits for trimming the zero location and _ full 
scale gain. Because the digital outputs remain constant outside 
of the normal operating range (i.e. below zero and above 
full scale), it is recommended that transition points be used 
in setting the zero and full scale values. Recommended pro- 
cedure is as follows: 


1. Set the initiate conversion control high to provide free-run 
operation and verify that converter is operating. 


Set V|N to +/%2LSB and trim the zero adjust circuit to obtain 
a 000 ...000...to 000... 001 transition. This will 
correctly locate the zero end. 


For full scale adjustment, set Vjjy to the full scale value 
less 1%LSB and trim the gain adjust circuit fora 111... 
110 to 111...111 transition. 


If adjustments are performed in this order, there should be no 
interaction and they should not have to be repeated. 


Absolute Value Circuit with Sign 


—VREF © 


2N2222 
OR EQUIV. 


8700 SERIES 
A/D 


LOGIC OUTPUT 
(1=+,0=—) 


*Optional visual indication of negative input 
NOTE: Values for R should be between 10KQ22 and 100K22 
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8703, 8704, 8705 


TYPICAL PERFORMANCE CURVES 


CONVERSION TIME 
vs TEMPERATURE 


CONVERSION TIME 
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Vss(VOLTS) 


Vpp= 


Vss( VOLTS ) 


VppD= 


SUPPLY CURRENT 
vs TEMPERATURE 


RBIAS 


SUPPLY CURRENT 
vs 


(yw)SS) ‘dq, 


(Ww)SS; ‘dq| 


-25 0 25 50 75 100 125 


—55 


100K 


TEMPERATURE(°C) 


Rejas(OHMS) 
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LINEARITY ERROR (LSB) 


VOH (VOLTS) 


VOL (VOLTS) 


8703, 8704, 8705 


TYPICAL PERFORMANCE CURVES 


OUTPUT SOURCE CURRENT 
vs TEMPERATURE 


Se 


a> 
Le 
Bian 


loH(mA) 


OUTPUT SINK CURRENT 
vs TEMPERATURE 


Vpp = 5V 
Vss =—5V 
all 


Ti 
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LINEARITY VS IpeF 


ill 
HL satis 


| 
vo Lert tT 
WZ CintH 7 TTT 
mor S8pF {UIT TT TTT 


2 5 10 20 50 100 200 500 


IREF(HA) 


VOL (VOLTS) VOH (VOLTS) 
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OUTPUT SOURCE CURRENT 
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TRI-STATE PROPAGATION 


-55-25 0 25 50 75 100 125 


TEMPERATURE (°C) 


“TELEDYNE SEMICONDUCTOR 


CMOS 8703, 8704, 8705 
Application/Design Circuits (contd.) 


8-Bit Microprocessor Interface Reference Voltage Supply 


2V Reference voltage using voltages derived from 8080A uP. 
+5V +5% 


8703 
8 BIT A/D 


INITIATE DATA 
ENABLE CONVERSION VALID 


DATA I/O BUS 75mA 


TO RreF (100KQ) 
FOR 8700 SERIES 


8 BIT 
MICROPROCESSOR 


Physical Dimensions 


| 
4 : a ey MAX. ————>| 


- 1.255 { .520 .075 .520 
7.240 045. 165 610 jie (150 MIN. a MAX. - :015 |-225 MAX. =~ MAX. 
ue |= =) “068 
aa a a 
\_F } .008 
15 ple a0} | ae ae 070 .200 620 | 
uy | 110 ,| Ls | 085 30 I. baal an —| _ 023 030 “120 590 
044 we “7065 “625 aa 
= N Package 
J Package 24-Pin Ceramic DIP 
24Pin Plastic DIP 
Order Part Numbers: 
, PIN 
—— a] .050 TYP 
SS | —— ; 
—, ——aaeeeoe 0to 70°C —40 to +85°C —55 to +125°C 
—_______— a I 8 BIT Plastic Dip 8703CJ 
J - > t -395 Ceramic Dip - 8703CN 8703BN 
EEE ———— MAX 
— _————., K 018 Flat Package si - 8703BH 
ii) lu 10 BIT Plastic Dip 8704CJ - = 
Ceramic Dip - 8704CN 8704BN 


.250 -395 .250 i 4 
= MIN imaX <— FN a Flat Package 8704BH 
-895 .080 
sas at 12 BIT Plastic Dip 8705CJ : ; 
Ceramic Dip - 8705CN 8705BN 
006 t A Flat Package - - 8705BH 
2035 
H Package 
24-Pin Ceramic FLAT PACKAGE 
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Monolithic CMOS 


A/D Converters 
8700 Series 


8750 
3% Digit 


Features 


High Accuracy — 3% Digit Resolution with < +0.025% 
Error 

Monotonic Performance — No Missing Codes 
Monolithic CMOS Construction Gives Low Power 
Dissipation — 20mW Typical 


Contains All Required Active Elements — Needs Only 
Passive Support Components, Reference Voltage And 
Dual Power Supply 


High Stability Over Full Temperature Range 

— Gain Temperature Coefficient Typically <25ppm/°C 

— Zero Drift Typically <30uV/°C 

— Differential Non-Linearity Drift Typically 
<2.5ppm/°C 


Latched Parallel BCD Outputs 


LPTTL And CMOS Compatible Outputs And Control 
Inputs 


Strobed Or Free Running Conversion 


Infinite Input Range — Any Positive Voltage Can Be 
Applied Via A Scaling Resistor 


Absolute Maximum Ratings 


Storage Temp. — 65°C to + 150°C 


Operating Temp. BH/BN — 55°C to + 125°C 
CN — 40°C to + 85°C 
CJ 0°C to +70°C 


Operating Vpp and Vss Range 3.5V to 7V 
Package Dissipation 500mW 


300°C 


HANDLING PRECAUTIONS 
The 8700 series are CMOS devices and must be handled correctly to 
prevent damage. Package and store only in conductive foam, anti-static 
tubes or other conductive material. Use proper anti-static handling 
procedures. Do not connect in circuits under ‘power on” conditions, 
as high transients may cause permanent damage. 


Lead Temperature 
(Soldering, 10 seconds) 
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General Description 


The Teledyne Semiconductor 8750 is a 3 % digit monolithic 
CMOS §$analog-to-digital converter. Fully self-contained in a 
single 24-pin dual in-line package, the converter requires only 
passive support components, voltage or current reference and 
power supplies. 


Conversion is performed by an incremental charge balancing 
technique which has inherently high accuracy, linearity and 
noise immunity. An amplifier integrates the sum of the un- 
known analog current and pulses of a reference current, and 
the number of pulses (charge increments) needed to maintain 
the amplifier summing junction near zero is counted. At the 
end of conversion the total count is latched into the digital 
outputs in a 3 % digit BCD digital format. 


Connection Diagram | 


Order Part Numbers: See Page 2-28 


}THOUSAND DIGIT 


DATA VALID 
HUNDREDS 


DIG 
i BUSY 


INITIATE CONVERSION 
GND 


v 
TENS BD 


DIGIT 
Vss 


‘Blas 
ZERO ADJUST 


AMPLIFIER OUT 
ONES 
DIGIT 
‘in 


Ce Loe Leer el 


'REF 


NOTE: Pin 1 indicated by adjacent dot or indent (N 
package), or end notch (J package),lead extension (H 
package). 
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CMOS 8750 


Electrical Characteristics 


Unless otherwise specified, Vpp = +5V, Vgss=—5V, VGnpb = 0, VREF=—6.4V, RBIAS = 100KQ, test circuit shown.Ta = 25°C unless Full 
Temp. Range is specified.¢55°C to + 125°C for BN and BH package—40°C to + 85°C for CM package, 0° to 70°C for CJ package.) 


Conditions 

Accuracy 

Resolution Accuracy 31/2 
(1999 counts) 


Relative Accuracy Output deviation from straight line 
between normalized zero and full 
scale input 


Differential Deviation from 1LSB between 
i a ee ee 
Differential Non- Variation in Differential Non- 
Linearity Temperature Linearity due to temperature 
Drift change +2.5 +5 +5 ppm/°C 
Gain Variance Variation from exact A (compensate % of 
Gain Temperature Variation in A due to temperature 
; 
Zero Offset Correction at zero adjust to give 


Zero Temperature Variation in zero offset due to 

Drift temperature change 
BA pote 4 
HA pew oe | 


Analog Inputs 
Full Temp. Range 


lin Full Scale 
Vv 


Full Temp. Range 
louT =—10zA 
lout =—500znA 
Full Temp. Range 
Vpp = 4.75V 
lout = 500A 


a 


Oo 
o 


Full scale analog input current to 


achieve specified accuracy 


IREF (Note 1) Reference current input to 
achieve specified accuracy 


Digital Inputs 
Vin () 


Logical 1” input threshold for 
Initiate Conversion Input 


Vin (0) Logical 0” input threshold for 
Ec 
Digital Outputs 
Vout (1) Logical ‘‘1” output voltage for 
Digits Out, Busy, and Data 
Valid Outputs 
Logical ‘‘0” output voltage for 


Digits Out, Busy, and Data 


a 
= 
a 


Vout (0) 


Valid Outputs 
Dynamic 

Conversion Time Time required to perform one 
complete A/D conversion 


I+ 
oa 


oo 
a 
oo a i) 
° 
> 
9 
< << 


~ 
oO 


is) 
i] 


Full Temp. Range 


VINIT CONV = +5V 
ieee | Tae 


Conversion Rate in 
Free-Run Mode 


Minimum Pulse Width 
for Initiate Conversion 
Supply Current 

Ipp Quiescent 
(H/N Package) 
(J Package) 
Igg Quiescent 
(H/N Package) 
(J Package) 
Supply Sensitivity 


100 


1.4 
1.4 


Full Temp. Range 
VINIT CONV = OV 


Current required from positive 
supply during operation 


a 


a a 


Current required from negative 
supply during operation 


Change in full scale gain vs supply 
Change in full scale gain vs supply 
voltage change for tracking supplies 


mA 
mA 
Full Temp. Range 
-1.6 -3.5 mA VINIT CONV = OV 
-1.6 
IV 
Vv 


: mA 
Vpp = 1V,Vss and 
+0.05 Fo i Vpp]=|Vss]= 5V + 1V 
DD ss 


NOTE: Ij, and IREF Pins connect to the summing junction of an operational amplifier. Voltage sources cannot be attached directly but must be 
buffered by external resistors. See Test Circuit. 


+1.0 +1.0 
+0.1 +0.1 


2-22 “#* TELEDYNE SEMICONDUCTOR 


Test Circuit 


INITIATE 
CONVERSION 


Rin 
1Mo* 


: OP AMP 
+ 


VIN © 
— > 270pF 
lin =10uA F.S.-" > 


1002 
+5V 


20K 


2008 RreF* RBIAS = 
301KQ 
6 0.1unF 
—5V 
50KQ L 
VREF © 


Circuit Description 


During conversion the sum of a continuous current ||) and 
pulses of a reference current IREF is integrated for a fixed 
number of clock periods. I|j\y is proportional to the analog 
input voltage; IREF is proportional to the reference voltage 
and is of opposite sign to lj. [REF is switched in for exactly 
one clock period just frequently enough to maintain the 
summing input of the integrator near zero. Thus, the charge 
from the continuous lj current is balanced against the 
pulses of IREF current. The total number of IREF pulses 
needed during the conversion period to maintain the charge 
balance is counted, and the result (in BCD) is latched into 
the outputs at the end of conversion. 


The converter contains two counters and a clock in addition 
to an operational amplifier, comparator, latching output 
buffers and housekeeping logic. One counter is a clock counter 
which (after a reset pulse) starts counting clock pulses; when 
the required count is reached, the clock counter generates a 
pulse to start the end-of-conversion routine. The other counter 
is a data counter, which is reset synchronously with the clock 


Timing Diagrams (Rise, fall times = 200ns typ., C_ = 50pF) 


CLOCKED MODE 
INITIATE VIH y 
CONVERSION YY Y% DON’T CARE 
0 Vt, WM bt 
Vou 
BUSY | oy 
VoL 
VoH 
pata ° 
VALID 
VoL 


y 
VZDaTA 
CHANGING) 


= Sus 


VoL iia ad 


——————— CONVERSION TIME 


500ns 
TYP 


INTERNAL 
CLOCK 


& 


CONTROL 
LOGIC 
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CMOS 8750 


BCD OUTPUTS 


A }} THOUSANDS 


D 
HUNDREDS 
TENS 


UNITS 


a 


DATA 
COUNTERS 


OUTPUT 


0 
0 

0 

ao : 
LATCHES : 
° 

0 

0 


rwmaOD rPWATD pAad 


22 BUSY . 
23 DATA VALID 


*Any VREF greater than —1V can be used. 


VREF 


—20uA 
For example with Veer = —5V, Rrer = 250K. 


RREF = 


counter and counts the number of times the |REF current is 
switched into the summing input of the amplifier during the 
period defined by the clock counter. 


When the Initiate Conversion input is strobed with a positive 
signal, the busy line latches high and a 10us (times given are 
approximate) start up cycle begins. The integrating capacitor 
is discharged and both counters are reset during this start up 
period. Conversion begins at the end of the reset pulse and 
ends with a pulse generated either by the clock counter or by 
an overflow condition in the data counter. This pulse disables 
further inputs into both counters and triggers a 10us shutdown 
cycle. During the shutdown cycle Data Valid goes low for 5us. 
This binary sequence is shown in the timing diagrams. Busy is 
true high, and when the circuit is busy, Initiate Conversion has 
no effect and may be high or low. Data Valid is also true high. 
The data from a conversion remain valid for as long as power 
is applied to the circuit or until Data Valid falls at the end of a 
subsequent conversion, at which time the output data are 
updated to reflect the latest conversion. 


FREE-RUN MODE 
S58 .:.:.—_— nn — — SES ee 


yg 
dG 


% 
UV DATA 
CHANGING 


RECYCLE 
CONVERSION TIME == TIME. 
=2.5us 
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Pin Functions 


Initiate Conversion Input — Accepts CMOS and most 5V 
logic inputs. Applying a logic ‘‘1” to the Initiate Conversion 
pin initiates the A/D conversion cycle. Once conversion has 
been initiated, the cycle cannot be interrupted, and the 
Initiate Conversion pin is disabled until conversion is com- 
plete. Two modes of operation are permitted, clocked or 
free-running. For clocked operation the Initiate Conversion 
input is held at logic ‘0’ for standby and taken to logic “1” 
when a conversion is desired. For free-running operation the 
Initiate Conversion pin is connected to Vpp or similar per- 
manent logic ‘’1’’ voltage. 


Busy Output -- A digital status output which is compatible 
with CMOS logic and low power TTL (can sink and source 
5O0UA). A logic ‘1’ output on the Busy pin indicates a 
conversion cycle is in process. A logic ‘1” to logic ‘’‘0” transi- 
tion indicates that conversion is complete and the result has 
been latched at the Digits Out pins. A logic “0” to logic “1” 


Applications Information 


Input/Output Relationships — The analog input voltage (Vj) 
is related to the output by the transfer equation: 


Vin °A* RREF 
RIN ° VREF 


DIGITAL COUNTS = 


A = 4128 


where DIGITAL COUNTS is the value of the BCD output 
word presented at Digits Out pins in response to Vij. 


The digital output code format is as follows: 


ANALOG DIGITAL 
INPUT OUTPUT 
VIN > Full Scale 1100110011001 
= Full Scale — 1 LSB 1100110011001 
=1LSB 6... 000.07 
<0 OsaelOO...0 


External Component Selection — Obtaining a high accuracy 
conversion system depends on the voltage regulation of VREF 
and the thermal stability of Rijn and RREF. The exact depen- 
dence is given by the transfer function. System accuracy also 
depends, to a lesser degree, on the voltage regulation of 
VDD and Vsgs. The supply connections Vpp and Vsg should 
have bypass capacitors of value 0.1uF or larger right at the 
device pins. 


CMOS 8750 


transition indicates a new conversion cycle has been initiated. 
If the device is operating in the free-running mode, the Busy 
output will remain low for approximately 2.5us, marking the 
completion and initiation of consecutive conversion cycles. 


Data Valid Output — A digital status which is compatible with 
CMOS logic and low power TTL (can sink and source 500A). 
A logic “1"’ output at the Data Valid pin indicates that the 
Digits Out pins are latched with the result of the last conver- 
sion cycle. The Data Valid output goes to logic ‘‘0’’ approxi- 
mately 5us before the completion of a conversion cycle. 
During this 5us interval new data is being transferred to the 
Digits Out pins, and the Digits Out are not valid. 


Digits Out (ones, tens, hundreds and thousand) — The BCD 
digit outputs which are the result of the A/D conversion. 
These outputs are CMOS logic and low power TTL compatible. 


Rin. RREF — Values of these components are chosen to give 
a full scale input current of approximately 10uA and a 
reference current of approximately —20uA. 


_ VIN FULL SCALE _ VREF 
A= RREF = 
10uA —20uA 
Examples: 
R eS i R PAV _ 300K 
n= 10uA REE —~20uA 


Note that these values are approximations, and the exact 
relationships are defined by the transfer equation. In practice, 
the value of Rij typically would be trimmed using the 
optional gain adjust circuit to obtain full scale output at 
VIN FULL SCALE (see adjustment procedure.) Metal film 
resistors with 1% tolerance or better are recommended for 
high accuracy applications because of their thermal stability 
and low noise generation. 


RBIAS — Specifications for the 8750 series are based on 
RBIAS = 100KQ + 10% unless otherwise noted. However, 
there are instances when the designer may want to change this 
resistor in order to affect the conversion time and the supply 
current. By decreasing RpjaAs the A/D will convert much 
faster and the supply current will be higher. (For example: 
When RpiAs is 20K the conversion time is reduced by 1/3, 
and the supply current will increase from 2mA to 7mA.) 
Likewise, if the RB|AS is increased the conversion time will be 
longer and the supply current will be much lower. (For exam- 
ple: When RpjAS=1m2 the conversion time will be six 
times longer, and the supply current is now reduced to .5 mA.) 
For details of this relationship refer to AN-9 typical perfor- 
mance curves. 
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Applications Information (contd.) 


Rpamp-— Exact value not critical but should have a nominal 
value of 1009 +10%. Locate close to pin 14. 


Cpamp — Exact value not critical but should have a nominal 
value of 270 pF +20%. Locate close to pin 14. 


Cint — Exact value not critical but should have a nominal 
value of 68 pF +10%. Low leakage types are recommended, 
although mica or ceramic devices can be used in applications 
where their temperature limits are not exceeded. Locate as 
close as possible to pins 14, 15. 


VREEF — A negative reference voltage must be supplied. This 
may be obtained from a constant current source circuit or 
from the negative supply. 


Vpp, Vss — Power supplies of +5V are recommended, with 
0.1uF decoupling capacitors. 


Application/Design Circuits 


CMOS 8750 


Adjustment Procedure — The test circuit diagram shows 
optional circuits for trimming the zero location and_ full 
scale gain. Because the digital outputs remain constant outside 
of the normal operating range (i.e. below zero and above 
full scale), it is recommended that transition points be used 
in setting the zero and full scale values. Recommended pro- 
cedure is as follows: 


1. Set the initiate conversion control high to provide free-run 
operation and verify that converter is operating. 


2. Set Vin to +%LSB and trim the zero adjust circuit to obtain 
a000...000...to 000... 001 transition. This will 
correctly locate the zero end. 


3. For full scale adjustment, set Vj) to the full scale value 
less 1% LSB and trim the gain adjust circuit for a 
1100110011000 to 1100110011001 transition. 


If adjustments are performed in this order, there should be no 
interaction and they should not have to be repeated. 


3% Digit A/D with LCD Display 


LCD DISPLAY: SHELLY NO. 8654-01 OR EQUIVALENT 


/ | | ‘Ep " 
_! mi 


/. _I 


i i 
io] 11 


E2| F2 
13] 15 
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4543 4543 4543 
Bul ABCD ABCD VppLD A BC D_ Bi Vss Ph 
Pt PTTL Ey ee 
ESne cae Toe Mile 


1s] 1,000 100’s INITIATE Vpp 
CONVERSION 
0-10V RIN = 1002S 68pF 
pa i 141, oo TELEDYNE 8750 CMOS 
Ha 3% DIGIT A/D CONVERTER 


100K 
50K 


DATA (23, 


VALID = Sr FS oe 


BEF BIAS GND 
ZERO 
7 a 20] 
apsust| 1% aa 
sonal 270 K 100 K = 
= 0.1 


—5V mei 
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CMOS 8750 


TYPICAL PERFORMANCE CURVES 


CONVERSION TIME 


CONVERSION TIME 
vs TEMPERATURE 


vs Reias 
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LINEARITY ERROR (LSB) 


VOH (VOLTS) 


VOL (VOLTS) 


UT seopF [TTT | ll 
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TYPICAL PERFORMANCE CURVES 


OUTPUT SOURCE CURRENT 
vs TEMPERATURE 


TS zeal 
Nal 
mai ANNI! 
weds NN 

vse = “sy | LNT 
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IOH(mA) 


OUTPUT SINK CURRENT 
vs TEMPERATURE 


Vpp = 5V 
ae =—5V 
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a | Fs I 
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loL (mA) 


LINEARITY VS IpeF 
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VOL (VOLTS) VOH (VOLTS) 


NORMALIZED PROP. 
DELAY 


OUTPUT SOURCE CURRENT 
vs SUPPLY VOLTAGE 


OM 


eS ee | 


Vpp = 7V 
Vss =-7V 


IOH(mA) 


OUTPUT SINK CURRENT 
vs SUPPLY VOLTAGE 
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| CMOS 8750 
Application/Design Circuits (contd.) 


Bipolar Operation (+ and — inputs) Absolute Value Circuit with Sign 
+5V 


RREF 
—VREFO 


16 | 
-_-—-——— +52 
AN es 
1N4148 
(3) 
8750 
A/D 
o SIGN BIT 
LOGIC OUTPUT 
Vin © (1=+,0=-) 
2N2222 
7410R OR EQUIV. 
EQUIV. 
* Optional visual indication of negative input 
. NOTE: Values for R should be between 10K and 100K22 
Physical Dimensions 
24 13 
i= PIN1 a | 
| a 
555 520 
“545 
; | 
a 1 san 12 
. 1355 i = 1.290 MAX. 
. 5 155 :610__, 520 .075 520 
020 ~95 = 90 | 078. 460 Min: “MAX. ‘ “0151-225 MAX. *—~ MAX. 
os af 015 
136 4 “010 “| ud | 08 
oss .120 | 675 110 _,| ts .070 .200 620 
“7065 "625 :090 a 030 .120 .590 
014 
J Package N Package 
24 Pin Plastic DIP 24Pin Ceramic DIP 
PIN1 
- 
.050 TYP 
SST a 
— —————> —’ Pei Order Part Numbers: 
I EE 012 
Sa ee 
4 oe ef 0 to 70°C | —40 to +85°C | —55 to + 125°C 
ao 080 Plastic Dip 8750CJ - : 
ae Ceramic Dip , 8750CN 8750BN 
Flat Package : 8750BH 
.006 A 
MAX 035 
MAX 
H Package 


_ 24-Pin Ceramic FLAT PACKAGE 
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Monolithic CMOS 8751 
A/D Converter 
8700 Series 3-1/2 Digit Multiplexed 


Features General Description 
Auto-Zero, Auto-Polarity The 8751 is a 3% digit monolithic CMOS A/D converter, 
BCD Output, TTL, CMOS Compatible designed for low power panel meter applications with a 


minimum of external components. Only four resistors and five 


Display Hold Input ; : ? : 
capacitors are required to implement the A/D function. 


End of Conversion Signal 


Two Input Ranges — 199.9mV and 1.999V The chip contains a dual-slope A/D converter and all digital 
p g 

Low Input Current — 10pA, typical circuitry necessary to provide a multiplexed BCD output. An 

Low Input Noise: 30uV typical external resistor and capacitor determine the internal clock 


frequency, allowing up to 15 conversions per second. Also, an 
internal network of analog switches provides a logic output for 
polarity (auto-polarity) and compensation for internal offsets 
(auto-zero) during each conversion cycle. 


Low Power Consumption — 10mW, typical 
Internal or External Clock 


Applications The display reading may be held at any time by applying a 
Digital Voltmeters logic “‘0’’ to the Display Hold input. This has no effect on the 
Bright LED Displays conversion cycle. The display automatically blanks when the 


input voltage exceeds full scale (F/S) for the selected input 
: c range. This range is set by the reference voltage, ie. F/S = 
Microprocessor Interfacing 1.999V for Vref = 1.0V, and F/S = 199.9mV for Veer =0.1V. 
Data Printing and Recording 


Gas Discharge Displays 


The 8751 supply voltages may range from 4.5V to 6.0V posi- 

. , tive and -2.5V to -8.0V negative with +5.0V recommended. 

Ordering Information A 28 pin package is available in plastic or ceramic DIP. The 

8751 is made with a CMOS process featuring high density 
logic with a double layer of metal interconnections. 


28-Pin Plastic 28-Pin Ceramic 


(-40°C to +85°C) (-40°C to +85°C) 
8751CJ 8751CN 


Functional Diagram 


POL HOLD EOC ABCD 10° 101102 103 
O O O 900900 090007 
20 21 23 11412]13}14 15}16}17}18 
ft] 
BCD OUTPUT DIGIT OUTPUT 
ae ite Rie Es 
LOGIC OUTPUT MULTIPLEXER 
POLARITY oon 
ERRR AERIS 
VinO 
a 
VrerO 


10 10 10 


ims mae 
[a0 } Le Le PL | 
E 


i aa 24 a" 
4’ O 
Vpp Vss GND 


c 
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Pin Configuration 


101 


10° 


CR CR Vper Vop CL1 CL2 CL3 


Electrical Characteristics Unless otherwise specified, 
(Ry = 1MQ, Cy = 0.1uF, Va = 41V: Fo_K = 10 kHz at 2V F.S.) (Ry 


-0.05 
-1 


Analog Input Bias Current 
Reference Input Bias Current 


Plus and Minus 

Full Scale Symmetry 
Output Voltage 

Pins 11 to 18 and 20 
“O"' Level 


“1"" Level 


Output Current 
Pins 11 to 14 


Output Current 
Pins 15 to 18 


CMOS 8751 


Absolute Maximum Ratings 


Storage Temperature 


Operating Temperature 


(Above 50°C derate by 
12 mW/°C) 


Clock Frequency 
Vpp —AG 
Vpp—-GND 
GND—Vss 
AG—Vss 


Vpp = +5V, Vss = -5V, Temperature range -40°C to +85°C, 
= 100K, C, = 0.1uF, Vp = 0.1V at 200mV F.S.) 


VREF = 1.00V 

VREF = 1.00V 

Vin = 1.99V, Vrer = 1V 

VIN = 199mV, VREF =0.1V, Ry = 100K 


Ta = 25°C, Vin = OV, Veer = 1V 
-40°C <Ta < 85°C, VIN =OV, VREF =1V 


% Rdg 
Count 


LSD 
LSD 


Output Current 
Polarity, Pin 20 


Supply Current 
Vpp to Vss 


Supply Rejection 
Vpp to Vss 
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CMOS 8751 


Recommended Operating Conditions 


Symbol 


Parameter 
Vpp to AG (Analog GND) 


+4.5 to 6.0 
-2.5 to -8.0 
10 to 20 


Vpp 


Pin Description 


Pin | Mnemonic 
1 Caz 


See pin 11. 


Description 
Auto-zero capacitor. Connect between pin 1 


10 


11 


VR 


Vppb 


CL1 


and pin 28. Use a low leakage mylar capac- 
tor, with value according to input range: 

0.47uF 199.9mV range 
0.1uF 1.999V range 


Analog ground. This is the reference level 
for the unknown input voltage (Vjjy) and 
reference voltage (VR). Connect to digital 
ground, pin 19. 


Analog input voltage. Typical input current 
is 10 pA. 


Connect between pin 4 and pin 5. The ref- 
erence voltage stored on this capacitor pro- 
vides an input of either polarity, depending 
on the state of internal switches. Mylar is 
recommended, and value depends on input 


range: 

0.47uF 199.9mV range 
0.22uF 1.999V range 
See pin 4. 


Reference voltage input. Value is 0.1V for 
199.9mV range, or 1.0V for 1.999V range. 
For maximum accuracy, there should be 
provision for adjustment to either of these 
values. 


Positive supply voltage. +5.0V is recom- 
mended; +6.5V is maximum. 


External clock input. To use internal clock, 
see Freq. Setting. 


If external clock is connected to pin 8, leave 
open. To use internal clock see Freq. Setting. 


If external clock is connected to pin 8, leave 
open. To use internal clock see Freq. Setting. 


The multiplexed BCD outputs are on pins 11 
(least significant bit) through 14 (most 
significant bit). Drive capability is one TTL 
load. These logic levels change state simul- 
taneously and without a blanking period. 
to the BCD code corresponding to the next 
digit. This change of state is synchronized 
with digit select signals on pins 15 through 18. 


See pin 11. 
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D. 
10°(LSD) 


101 

102 

103 (MSD) 
GND 


+POL 


HOLD 


See pin 11. 


Digit select signal. A logic ‘’1’’, 8 clock 
cycles in duration, selects the rightmost or 
least significant digit. Similar pulses on each 
of pins 15 through 18 are separated in time 


‘by blanking periods of 2 clock cycles. These 


pulses select each digit in sequence, LSD 
through MSD. See Multiplex Timing. 


See pin 15. 
See pin 15. 
See pin 15. 


Digital ground. Connect to analog ground, 
pin 2. 


Polarity output, with logic “’1’’ for negative 
VIN: 


Display hold input. Logic allows update 
of the display; logic ‘’0’’ freezes the display. 
This has no effect on the conversion cycle. 
An internal pull-up resistor assures an update 
for each cycle when no connection is made 
to this pin. 


a a 


Capacitor for auto-zero and noise-supression, 
connected between pin 22 and pin 2. A 
0.1UF low leakage type is recommended. 


Positive transition indicates conversion is 
complete and new cycle is beginning. The |’ 


pulse stays high while Vij is being integrated. 


Negative supply voltage, -5.0V is recom- 
mended; -9.0V is maximum. 


Integrator output. Connect a mylar capacitor 
from pin 25 to pin 26. Recommended value 
is O.1uF 10%. 


Integrator summing junction. 


Buffer output. A resistor from this pin to 


-| pin 26 provides input to the ‘integrator. 


Resistor value depends on the input range: 
100K +10% 199.9mV range 
1M +10% 1.999V range 


Auto-zero capacitor. See pin 1. 
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CMOS 8751 
3-1/2 Digit DPM (Single Power Supply) 


VpD 


NOTES: 
*METAL FILM RESISTOR 
**MYLAR FILM CAPACITOR 


HP HP HP 
7 5082-7613 5082-7613 5082-7613 


IMQ +10% 


28 27 26 25 24 23 22 21 20 19 18 17 16 15 
103 102 101 100 


A 
9 10 11 


Bc D 
12 13 14 


9491 (TSC) 10K 


THESE COMPONENTS ARE NOT REQUIRED IF A 
NEGATIVE SUPPLY VOLTAGE IS PROVIDED. 


Figure 1. 


Design Information 


DPM, Minimum Connections 


FULL SCALE 


Pt 2V 200mV 
0.1uF 0.47uF MYLAR 


CAPACITOR OR 
0.22uF 0.47uF POLYPROPYLENE 


Caz 


R; tCr 
L 
vi fe Ci 0.14 0.1)4F iia aa 
45V0 t Higher value gives better performance. 


O 0.1 uF 
LOW LEAKAGE CAP 


DIGIT 
> | STROBES 


Figure 2. 
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ACCURACY AND LINEARITY 


+3 ACCURACY 
2 +(0.05% OF RDG + 1 COUNT) 
F ee eee 
2 +1 
2 2 —— . 
ao 0 | _LINEARITY «(0.025% OF RDG + 0.5 COUNT) 
Ha : : ; ae 
fa) o 4 iii. 
ac 
th 9) 


1 10 100 


INPUT, 0 TO + 2000 mV 
OR O TO - 2000 mV 


1000 2000 
COUNTS 


Frequency Setting 


Frequency of the internal clock oscillator is set by Rg and Co, 
according to the approximate formula shown below. The pri- 
mary purpose of Rj is to limit the signal current into pin 8. 
Its value is not critical and it has little effect on clock frequency. 


EXAMPLE: 
1 
Pes R1 = 180K 
CLK = 55 Rp Co 1 
1 
= —_______ Ro= 86K 
2.2 x 86K x 500pF 
= 10 KHz Co = 500pF 


One TTL equivalent load or less may be connected to pin 10, 
to provide drive for a negative voltage supply or other external 
circuit. See Figure 1. If an external clock signal is connected 
to pin 8, then pins 9 and 10 should be left open. 


Determination of Ry and Cy 


The input voltage, clock frequency, and integrator components 
R; and Cj are related as shown below. Cz should be a low 
leakage mylar type, but component values are not critical. For 
best performance use values as shown in Figure 2. Also, with 
+5V supplies, the internal integrator output voltage Vo should 
not exceed 2.4 volts. 


103 V 
vy = ea 
Ry Ci foik 


CMOS 8751 


VOLTS 
1 
1 COUNT = —— 
EOC ji 
OUTPUT ets 
(PIN 23) 
Vo 
INTEGRATOR 
OUTPUT Vin = 4F/S 
3K 00 1K 2K 3K 00 1K 
COUNTS 


Multiplex Timing 


The digit select signals on pins 15 through 18 assume three 
different patterns, depending on magnitude of the voltage being 
displayed. On the 2V range for example, only the three right- 
most digits are displayed for inputs less than one volt: 


Pin 15, 100(LSD) _| et 


Pin 16, 101 


Pin 17, 102 
Pin 18, 103(MSD) 


2 8 
COUNTS COUNTS (CLOCK CYCLES) 


For an input between 1 and 2 volts (more precisely, an input 
producing between 1000 and 1999 counts at the integrator), 
the leftmost digit also is displayed: 


If the input is 2.0 volts or greater (2 2000 counts) the three 
rightmost digits are blanked to indicate an overrange condition: 
(Pins 15, 16 and 17 stay low) 


BLANK 


BLANK 


BLANK 
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CMOS 8751 


Physical Dimensions 


J Package 28-Pin Plastic 


13.97 (.550) 
13.47 (.530) 
LL 36.83 (1.450) | ___ 15.40 (,606)_ 
| 36.58 (1.440) = | 15.09 (.594) | 
5.08 (.200) 4.07 (.160) 
ae | 3.56 (.140) 
 \ pot ff 305 (.012) { 
| iin 4.45 (.175) .203 (.008) 
) | 3.05 (.120) — +e 
1.66 (.065) 508 (.020) a 2.67 (.105) | 
1.15 (.045) ol 381 (.015) | 32 (.095) 
N Package 28-Pin Ceramic 
15.19 (.598) 
14.43 (.568) 
q 35.92 (1.414) | 
35.06 (1.380) 
3,05 (.060) 
4.32(.170)} | LL] UJ TOUUDOUD Wd 1.53 (.120) 
MAX { 
H 4.45 (.175) 
3.18 (.125) ith eat 
1.66 (.065) .508 (.020) — 2.67 ( 195} 105) 15.40 (.606) . . 
1.15 (.045) all 381 (.015) | 2.42 (.095) a 14.74 (.580) 


Note: 1. Pin 1 identified by adjacent dot, indent or end notch. 
2. Dimensions in millimeters (inches). 
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INTERFACING THE 8700 A/D CONVERTER WITH THE 8080 uP SYSTEM 


The growth of microcomputers has included an expansion into 
process monitoring and control systems, as well as other 
applications requiring interaction with “real world” physical 
variables. At the same time, advances in semiconductor 
technology have allowed complex data conversion functions 
(A/D, D/A, V/F, etc.) to be performed by small and 
inexpensive IC’s. By integrating these monolithic converter 
circuits into his microcomputer system, the designer thus can 
retain the same low cost and small size advantages which make 
the microprocessor so attractive. 


In particular, the popular Intel 8080A microprocessor and 
Teledyne Semiconductor's 8700 series analog-to-digital 
converters are well suited to such a combination. This paper 
describes the basic techniques for interfacing the two, as well 
as ways to handle some more sophisticated situations. 


SWITCHING 
FUNCTION 


BINARY 
OUTPUTS 


ZERO 
ADJUST © 
INITIATE o 
CONVERSION 


Figure 1. 8700 Series Internal Elements 


FROM 8080A 
uP SYSTEM 


02 Ryy* 
(OPTIONAL 
GAIN ADJUST) 


20kQ 
(OPTIONAL 
ZERO 
ADJUST) 


DIGITAL 


THE 8700 A/D CONVERTER 


Teledyne Semiconductor's 8700 series is a family of 
monolithic CMOS analog-to-digital converter IC’s. All versions 
— the 8700 8-bit, 8701 10-bit and 8702 12-bit — are 
integrating converters which can accept an unlimited input 
voltage range (changed to a current input by external scaling 
resistor) and provide a latched parallel binary digital output. 
All are available in 24-pin ceramic DIP, and the 8-bit version is 
also offered in a low-cost 24-pin plastic package. As may be 
seen from the block diagram (Fig. 1), each device contains all 
of the essential elements for a complete A/D converter; only 
minimal support components are needed. 


In addition to the 8, 10 or 12 buffered data output lines, three 
handshaking signals are provided to ease the interface to the 
host system. All outputs are CMOS and LPTTL compatible. 
The DATA VALID output signal is normally high, indicating 
that the data in the output latches is valid, for the entire cycle 
except for approximately 5us before the end of the 
conversion, when the data is being updated. Notice that the 
latches maintain the data from the previous conversion even 
while the next conversion is being performed. A second 
output, BUSY, is high whenever a conversion is being 
performed. Finally, an input to the device, INITIATE 
CONVERSION, allows the function to be operated under 
system control. A positive-going pulse of at least 500ns 
duration causes the conversion to begin. If this input is tied 
high, the conversion will occur in a free-running mode at 
approximately 800 conversions per second for the 8700 (200 
conv/sec for the 8701 and 50 conv/sec for the 8702). 


Since the 8700 series devices operate from +5V and -5V 
supplies, they are particularly easy to interface with the 
8080A microprocessor system. Fig. 2 shows a_ possible 
hook-up for the 8700's analog inputs and power supply; also 


AMP OUT 


8700 
A/D 
CONVERTER 


ZERO ADJ 


'BIAS 


50ks2 X A X Vin 
DIGITS OUT 
where DIGITS OUT = value of binary 
output word 
A = 828 for 8700 
= 2064 for 8701 
= 8208 for 8702 


“RIN = 


Figure 2. 8700 Analog Input and Power Suppiy Hook-up Circuits, 
Including VREF Derived from 8080A System 
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incorporated is a circuit to supply the necessary negative 
reference, using a temperature-compensated zener diode and 
an inverting op amp. Note that the +5V supplies needed for 
the 8700, as well as the additional +12V used in the reference 
circuit, are all available from the 8080A system. 


In order to simplify the hardware and software for illustrative 
purposes, this paper concentrates on interfacing the 8-bit 8700 
converter and the 8-bit 8080A microprocessor system. The 
same principles apply to inter-connecting the 8080A with the 
higher-resolution 8701 and 8702 A/D converters. 


THE 8080A MICROPROCESSOR 


The 8080A, an 8-bit microprocessor, communicates within the 
microcomputer system over two buses, a 16-bit address bus 
and an 8-bit data bus. During each machine cycle the current 
contents of the program counter are sent out over the address 
bus; the memory receives the address and returns the contents 
of the selected memory location to the 8080A via the data 
bus. During an instruction fetch cycle, the returning data is 
interpreted as an instruction. 


Communications between the microcomputer and the outside 
world are via Input/Output (I/O) ports addressed by the 
address bus. I/O instructions utilize 8-bit addresses; the port 
address is duplicated on both the low order address lines and 
the high order address lines of the address bus. 


In addition to the address and data buses, the 8080A 
communicates with the memory and I/O ports via a set of 
control signals. In particular two control lines, IN and OUT, 
are used to enable the I/O ports. A logic 0 on the IN line will 
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enable the Input port that corresponds to the address on the 
address bus at that time. The OUT line functions in a similar 
fashion. 


THE BASIC 8700 I/O PORT 


A basic approach to interfacing the 8080A and the 8700 8-bit 
A/D converter is shown in Fig. 3. The conversion is started on 
command of the 8080A, using the INITIATE CONVERSION 
input of the 8700. When the conversion is complete, the 
DATA VALID output of the A/D requests an interrupt; the 
interrupt service routine transfers the current data from the 
working registers to the stack memory, and the A/D input port 
is read. A control signal then is sent to the INITIATE 
CONVERSION input to restart the conversion, and the main 
program activity is resumed. 


It is assumed that the data bus will be shared by many devices, 
both in the. ports and in memory, and that inverting 
drivers/receivers (such as 8228) will be included in the 8080A 
system to service this bus. Therefore, 80L98 buffers have been 
provided at the 8700 to drive an inverted input over the data 
bus, as well as to provide a three-state function, electrically 
removing the A/D from the bus when its input port has not 
been selected. (For applications where inverted signal and high 
bus-driving capability are not needed, Teledyne is offering a 
version of the 8700 with three-state outputs.) 


Each port of the system is assigned an address by virtue of the 
way the address bus is decoded to select the port. In the basic 
input port of Fig. 3, the output of the 7430 gate is low only 
when all of its inputs are high. This corresponds to address 
FFy. 


INT REQ 


8228 8080A 
BIDIRECTIONAL | | MICROPROCESSOR 


DRIVER/ 
RECEIVER 


A 
A 
A 
A 


3 


Pi >i ' 
e a >! oe! we! = 


1 >! >! 


Figure 3. Basic 8700/8080A Interface 
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3 INITIATION 
MVI 3 THE CONVERSION 
OUT 31S INITIATED 
MVI 3BY SENDING A 
OUT 3 BRIEF PULSE 
3TO PORT FF 
3 INTERRUPT 
3 THE PROCESSOR 
3REGISTERS AND 
3 STATUS ARE SAVED 
3IN THE STACK, AND THE 
SDATA IS READ AND 
3 STORED IN REG B. 
3 THE CONVERSION IS 
3INITIATED AND 
3 THE DATA IS 
3 PROCESSED. 


3WHEN COMPLETE, 

3THE REGISTERS 

3 ARE RESTORED, THE 

3 INTERRUPTS ENABLED 

3 AND PROGRAM 
3CONTROL RETURNED 
3TO THE MAIN PROGRAM. 


Figure 3A 


To initiate a conversion in the A/D, an output port, also 
address FFy, is used. By defining both the input and output 
ports as address FFy, the same address decoder, the 7430, 
may be used for both functions. In this case the output of the 
7430 and the OUT signal are gated by 7402 to clock half of a 
74C74 flip-flop. The D input of the flip-flop is tied to the D7 
line of the data bus. The flip-flop is, in effect, a one-bit output 
port. Sending the data word 80H to port FFy with an output 
(OUT) instruction will cause the flip-flop to be set, thus 
supplying an INITIATE CONVERSION signal to the 8700. A 
second output instruction, sending OOH to the same port, will 
reset the flip-flop and remove the INITIATE CONVERSION 
signal. Since an output instruction requires ten O.5usec clock 
cycles to execute, the INITIATE conversion pulse will be 
approximately 5usec long. After beginning the conversion 
process by the double output instructions, the 8080A is free 
to perform other processing operations. 


When the 8700 completes its conversion cycle and latches the 
result onto its internal output latches. the DATA VALID 
output goes high. This triggers the other half of the 74C74 
flip-flop, clocking a logic one from the D input (tied high) 
onto the INTERRUPT REQUEST line. The result is that the 
microprocessor is interrupted when the conversion is 
complete. The interrupt service routine (See Fig. 3A) saves the 
CPU’s working register contents by pushing them onto the 
stack and then reads the output of the 8700. 


To read the 8700 input port, it is necessary to supply the 
address of port FFy on the address bus while simultaneously 
sending out a logic zero on the IN control line. The 
combination of the 7430 and 7402 gates supplies a logic zero 
to the enabling input of the 80L98 three-state buffers on the 
outputs of the 8700 and to the clear input of the 74C74 
flip-flop on the INTERRUPT line; this puts the 8700 data on 
the data bus and removes the interrupt request. 


After reading the converter data and saving it in one of the 
registers, the system again pulses the INITIATE 
CONVERSION input to start the next conversion, restores the 
stack with a series of POP instructions, and resets the internal 
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interrupt-enable flip-flop. Thus the 8080A only reads the 8700 
when the new information becomes available; the rest of the 
time is spent in processing activities. 


HANDLING MULTIPLE A/D CONVERTERS 


When multiple analog inputs are involved, conventional system 
designs have tended to use an analog multiplexer feeding a 
single high-speed A/D converter. With the increasing 
availability of low-cost converter IC’s, the approach of using a 
separate A/D for each analog line becomes more attractive. 
Fig. 4 illustrates a system of eight 8700 converters all 
supplying data in parallel to an 8080A system. 


The system illustrated in Fig. 4 contains many of the same 
elements as the basic input port of Fig. 3. As before, the data 
outputs of the 8700s are buffered with 80L98 three-state 
buffers to drive the bus and to allow them to be disconnected. 
The decoding circuitry is slightly more complex. The five 
high-order address lines form the inputs to a 7430 gate which 
is used to enable a 7442 BCD to decimal decoder. The 7442 
performs the final decoding by selecting the appropriate 8700 
whenever an INPUT instruction is executed to one of the 
output ports F8H to FFy. Also, the 8700s have their INITIATE 
CONVERSION inputs tied high so the devices operate in the 
free-running mode. 


The interrupt scheme in this system is far more versatile than 
that previously illustrated. The user may assign priorities to 
each of the input ports, so that if one port has already 
interrupted the system and is being serviced, only a higher 
priority port can interrupt it. Lower priority interrupts will be 
delayed until the first port has been serviced. 


Each of the eight interrupt input ports is constructed of a 
74L74 flip-flop with its D inputs wired high. Each flip-flop is 
clocked independently by lines from the appropriate 8700 
DATA VALID output, transferring the logic one on the D 
input to the O output. The Q output of each flip-flop is gated 
onto the INT REQ line producing an interrupt whenever one 
of the 8700's completes its cycle. The O outputs of the 
flip-flops are buffered by the 8098 and tied to the data bus; 
this buffer is enabled by a 7430 and 7400 gates to respond to 
the INPUT instruction at address 7Fy. The 8080A thus can 
determine which flip-flop has caused the interrupt and which 
of the 8700s has completed its conversion cycle. 


The interrupt service routine (See Fig. 4A) saves the contents 
of the working registers with a series of PUSH instructions, 
and then proceeds to determine which port caused the 
interrupt. This is done with an input (IN) instruction to 
address 7Fy, which loads the status of the DATA VALID 
outputs from the 8098 into the accumulator. Here the word 
can be tested, bit by bit, until a logic one is found. This is then 
converted to the address of the correct 8700 input port and 
that port read with an input instruction. At the conclusion of: 
the service routine, the flip-flop is reset by sending a zero to 
the appropriate bit position of the output port 7Fy which 
shares the same decoding circuitry as the input status port. 
Finally the stack is restored, and the internal interrupt enable 
flip-flop is reset. 


There is nothing to prevent one of the 8700s from completing 
its conversion cycle and sending out a DATA VALID signal at 
the very time that another 8700 port has caused an interrupt 
and is in the process of being read. If this occurs, the flip-flop 
tied to the second port will be set and an additional interrupt 
signal generated. This will have no effect, however, since the 
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Figure 4. Eight Port A/D Converter System with Maskable Priority Interrupt 
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8080A’s internal-interrupt enable flip-flop is automatically 
disabled when the first interrupt is received, locking out any 
further interrupts. (This flip-flop must be reset with an El 
instruction, Enable Interrupts.) The first interrupt service 
routine ends with the resetting of the status flip-flop and the 
enabling of the internal interrupt enable flip-flop. This 
removes the source of the first interrupt, but the second status 
flip-flop now causes a new interrupt which must be serviced in 
turn. The 8080A will respond to each of the input ports as 
they complete their cycles, even if several occur in a short 
period. 


So far we have assumed that each of the 8700 ports is of equal 
importance. When we wish to assign priorities to the ports, it is 
only necessary to make a slight change in the program — no 
hardware changes are needed. This is done by holding the reset 
inputs of selected data valid flip-flops low, which effectively 
serves to inhibit those ports from causing interrupts. The 
output port 7F accomplishes this by having its latches loaded 
with a binary word called a priority mask. Each interrupt 
service routine begins by loading a different priority mask into 
the output port and resetting the internal enable interrupt 
flip-flop. For example, if the priority mask for port number 3 
is 11111100, port number 1 and 2 cannot interrupt the 
Processing of port number 3 data; ports number 4 through 
number 8, however, can cause further interrupts. 


If it is necessary to guarantee that no data is ever lost, a slight 
modification places the conversion cycle under the control of 
the CPU. This is done by tying the reset inputs of the status 
flip-flops to the INITIATE CONVERSION inputs of the 
corresponding 8700's. The process of resetting the status 
flip-flop after the port has been read will cause the cycle to 
restart. This has the effect of holding the data on the output 
latches of the 8700's until it has been read. 


INCREASING THE THROUGHPUT 


If a great deal of data manipulation is to be done by the 
8080A or a large number of 8700 input ports are to be 
connected to the bus, it is possible to feed data to the system 
faster than it can be processed. If the analog inputs on some of 
the ports are changing slowly, additional logic can be added to 
increase the effective capacity of the system. This involves 
adding a latching output port with the same address as the 
8700 input port corresponding to it. (See Fig. 5) After the 
input port is read initially, an output instruction to the same 
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address causes the data to be duplicated in the 74175 latches. 
The open collector feature of the 9386 allows them to be 
collector-ORed; logic ones at all of their outputs signify that 
the data in the 8700 latches matches that in the output port. 
This condition means there has been no change in the analog 
input voltage and there is no need to reprocess the data. If one 
of the bits of the 8700 does not match the corresponding bit 
in the 74175, a zero will be produced on the outputs of the 
9386. This will deliver a clock pulse to the 7474 status 
flip-flop which will in turn interrupt the 8080A. From this 
point the operation is similar to the system already discussed. 


aaa AN oh 
ooo oe 
DATA BUS 


TO 8080 
DATA BUS 


po 


|>o INT REG 


Figure 5. Significant Change literrupt for 8700 Input Port 
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Dual 3% Digit LED Display Design Information 
Analog Peak Detector Typical Performance Curves 


8-Channel Data Acquisition System Negative Supply Generator 
16-Channel Data Acquisition System 8700 Series Connection Diagram 


PC Board for 1, 8, or 16- Channel 
Data Acquisition System 
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RATIOMETRIC APPLICATIONS 


Variable Voltage 
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OVERRANGE INDICATOR UNDERRANGE INDICATOR 
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ANALOG PEAK DETECTOR WITH DIGITAL HOLD 


RESET ey 
15 
68 pF 
4mo 
VIN 14 
0-10V 4000 TELEDYNE 
8700 
270pF == 9], AID CONVERTER 
+5V = 
100K 
20K 18 
ZERO 
—5v 6 |aDJUsT|$ 1K 13 18 [22 
250 100K 
—5V 


Analog peak detection is accomplished by repeatedly 
measuring the input signal with an A/D converter and com- 
paring the current reading with the previous reading. If the 
current reading is larger than the previous, the current 
reading is stored in the latch and becomes the new peak 
value. Since the peak is stored ina CMOS latch, the peak 
can be stored indefinitely. 


The TELEDYNE 8700 A/D converter measures the analog 
input at a 1 KHz rate and computes the binary value of the 
input. After each 1ms measurement, the binary value is 
latched in the output of the A/D. This value is then presented 
to both the 4585 comparators and the 4508 8-bit latch. If 
the A/D’s value is greater than that of the 4508 memory, pin 
13 (A>B) of the 4585 goes high. This allows the strobe 


A3 B3 
Vss A>B A=B A<B 


AN-9 


DIGITAL 
OUTPUTS 


pulse to go through the 4001 NOR gate to the 4508 
memory. The new value is then stored and becomes the 
reference for subsequent readings. Each time the A/D has 
a value greater than that stored in the latch, the latch is up- 
dated with the larger peak. The system is reset by pulsing 
the 4508 reset pin high, causing the output to go to 0000 
0000. 


This system uses an 8-bit A/D to give 0.4% resolution. If 
greater resolution is required, the 8700 can be replaced by 
the 8701 (10-bit) for 0.1% resolution or the 8702 (12-bit) for 
0.025% resolution. Since this will require 10 or 12 bits to be 
compared instead of 8, the memory and comparator need 
to be expanded by adding one additional 4508 and one 
4585. 
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8—CHANNEL DATA ACQUISITION SYSTEM 


v4 
V2 
V3 


13 
14 
15 
12 


4051 
OUT 
8 CHANNEL 
ANALOG 
MULTIPLEXER 


ANALOG | V4 
INPUTS } vy. 


_ 


V6 
V7 
Vo 


DB] mo] a 


A low-cost data acquisition system with 8 inputs and 8 bits 
(0.4%) of resolution at the ouput can be built by using the 
TELEDYNE 8700 CMOS A/D converter and adding the 4051 
8 channel CMOS multiplexer and the 4024 binary counter. 


Each input is measured for ims, then the digital value is 
placed in the output latch and remains for ims while the 
next input is being measured. After each 1ms measure- 
ment (conversion), the data valid line goes low for 5us to 
indicate that the output latch is being updated. (The data 
must not be read during this period.) The negative edge of 
the data valid pulse is used to advance the binary counter 
by one. So after each conversion the 4051, via the 4024, 
automatically advances to the next input. The sampling se- 
quence is therefore V1, V2,...V7, VO and then back to V1. 
The 8700 resets itself for 2.5us after the data valid pulse so 
the analog switch has a total of 7.5us to settle down. This is 
more than adequate to assure that the A/D will ignore any 
switching transients. 


For the circuit shown, the input voltage range is limited by 
the 4051 to+ 5 volts (Vpp, VEE). If more input voltage range 
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THREE STATE 
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8700 
10 DIGITAL 
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5 
6 
7 
DATA VALID 
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is needed, then Vss and VEE can be increased or the 1MQ 
resistor can be replaced by individual resistors in front of 
each analog input. The exact value of each resistor is deter- 
mined by dividing the maximum input voltage by 5yA. 
(RIN = Vmax + SpA). 


The 950K and 100K resistor are used to provide an offset 
current of 5uA, allowing the analog input voltage to be 
negative as well as positive. If the input voltage does not 
go negative, then these two resistors can be deleted. 


By adding additional 4051’s, the number of analog inputs 
can be increased in multiples of eight. The additional 
binary outputs of the 4024 are then simply decoded to con- 
trol the inhibit (1) input of each 4051. 


If three-state outputs are needed for interfacing to a data 
buss, then the 8700 can be replaced by the 8703. The 8703 
is identical to the 8700 except that the digital data outputs 
are three-state outputs controlled by pin 24 (ENABLE). 
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16—CHANNEL DATA ACQUISITION SYSTEM 
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8700 PC BOARD METAL PATTERN 
PC BOARD FOR 1, 8, 16 CHANNEL DATA ACQUISITION SYSTEM 
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Note: PC board can be ordered from Teledyne as part #8700PC. 
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PIN-OUT DATA FOR 
16 CHANNEL DATA ACQUISITION SYSTEM 
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INFORMATION 


ASSEMBLY 


STANDARD TEST CIRCUIT 
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A/D WITH 8-CHANNEL ANALOG INPUT SELECTOR 
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ASSEMBLY INFORMATION 


8-CHANNEL DATA ACQUISITION SYSTEM 
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16-CHANNEL DATA ACQUISITION SYSTEM 
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PARTS LIST 


AN-9 
16 CHANNEL DATA ACQUISITION SYSTEM 
Ref # Part Number Description 
101, 1C2 4051 CMOS — 8 CHANNEL ANALOG SWITCH 
IC3 8700 TYPE CMOS — TELEDYNE A/D CONVERTER 
IC4 4024 CMOS — 7 bit BINARY COUNTER 
IC5 4011 CMOS — QUAD 2-INPUT NAND GATE 
Ci 68pF + 10% Low leakage mica, ceramic, etc. 
C2 270pF + 20% Ceramic, mica, etc. 
C3, C4, C5 0.1pF + 20% Ceramic, mylar, electrolytic, tantalum, etc. 
R1 * 953K + 1% Carbon, carbon film, metal film, etc. 
R2 * 100K + 10% Trimmer resistor 
R3 * {IMQ+1% Carbon, carbon film, metal film, etc. 
R4 1002 + 10% Carbon resistor 
R5 20K + 10% Trimmer resistor 
R6 100K +5% Carbon resistor 
R7 1K + 5% Carbon resistor 
R8 100K + 10% Carbon resistor 
RQ * 20K + 10% Trimmer resistor 
R10 * 243K + 1% Carbon, carbon film, metal film, etc. 


* The stability of these components directly affects the accuracy of the overall system. Choose components whose 
stability is consistent with the accuracy and temperature range required. For example, if an 8-bit A/D is used at aconstant 
temperature, then 5% carbon resistors may be adequate since an 8-bit A/D’s resolution is only 0.4%. However, if a 12-bit 
A/D (0.025% resolution) is to be used over the -55°C to + 125°C temperature range, then these components will be very 
critical and should have a stability of 5 to 15 ppm for fixed resistors and 25 to 50 ppm for variable resistors. 


The following parts list of possible suppliers is intended to be of assistance in putting a converter design into produc- 
tion. It should not be interpreted as a comprehensive list of suppliers, nor does it constitute an endorsement by Teledyne 


Semiconductor. 


TYPICAL COMPONENT SOURCES 
FOR PRECISION APPLICATION 


A. Precision fixed resistors 


Value Tol. Typical Source Type Temp. Coeff./°C 1K Price 
243K +1% Mepco/Electra 5033R + 5ppm/ + 25ppm/ + 100ppm $.41/$.26/$.10 
953K +1% Mepco/Electra 5033R + 5ppm/ + 25ppm/ + 100ppm $.58/$.40/$.16 
1MQ +1% Mepco/Electra 5033R + 5ppm/ + 25ppm/ + 100ppm $.58/$.40/$.16 
B. Variable resistors 

20K/100K +10% Mepco/Electra 8035 + 100ppm $.63 
20K/100K +10% Spectrol 43P + 100ppm $.65 
C. Capacitors 

68pF +10% Union Carbide C114K680K1X1CA + 800ppm $.22 
68pF +10% Union Carbide C114G680K565CM + 30ppm $.65 
68pF +5% Corning CY06C680G + 25ppm $.80 
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DESIGN INFORMATION 


AVOID INTRODUCING ERRORS: 


Proper design procedures are necessary to obtain best 
accuracy from 8700 series converters. 


a. Do not route logic signals under the 8700 or near any 
of the three analog terminals ljn, IReF, and Zero Ad- 
just (pins 13, 14, 15, 16). 


b. Plan your grounding. Keep the analog ground 
isolated from the logic ground by making the two 
electrically common only at the system ground. 


c. Filter the supply voltages by using bypass capacitors 
of value 0.1,F or greater connected in shunt between 
the supply line and the logic ground (pin 20). Locate 
the capacitors as close as to the 8700 as practical. 


d. Provide a reference as stable as the conversion ac- 
curacy you expect. Remember: 


DIGITAL COUNTS = aN evn - —VIN= RIN oh 


REF ~ VREF + RREF 


The conversion accuracy is a direct function of the 
Vref: In terms of Vref voltage regulation, the 8-bit 
requires +.04%, the 10-bit, +.01%, the 12-bit, 
+ .0025%, and the 3% digit BCD, +.005%,to in- 
troduce less than 1/10 LSB error. 


e. Choose a full scale voltage range as large as possi- 
ble; this will minimize the effect of zero drift and in- 
put noise. For example, a 50xzV zero drift or noise 
voltage on the 8701 (10-bit) will produce a + ¥2 LSB 
error at 500mvV full scale, but only + 1/40 LSB at 10V 
full scale. 


2. 
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OTHER SUGGESTIONS FOR IMPROVING PERFOR- 
MANCE: 


a. For CjnT, virtually any type of non-polarized 68pF 
+10% is acceptable. Locate as near to the converter 
as possible and away from noisy lines. 


b. Locate RpDAMP and CpaAmp as near the converter as 
possible and away from noisy lines. The value of 
RDAMP = 1009 and CpAmp = 270pF are nominal; 
these two elements stabilize the input op amp to pre- 
vent oscillations. 


CAUTION: WHEN USING ZENERS, OP AMPS AND 
VOLTAGE REGULATORS: 


These devices are often used as input amplifiers, 
voltage references and power supplies for A/D con- 
verters. It is worth noting that these devices can 
generate quite a bit of ‘High Frequency” noise. 
Normally, this noise does not interfere with the opera- 
tion of the A/D converter. However, excessive noise 
from zeners, used as voltage references for example, 
have been found to be the cause of strange counting se- 
quences and non-linear A/D operation. It should 
therefore be standard practice to bypass all zeners and 
voltage regulators with at least 0.1,F capacitors. (If the 
zener is exceptionally noisy, 1 to 10uF capacitors may 
be required. Remember that zeners are often used as 
white noise sources in noise generators.) 


If erratic operation is still observed, then either the op 
amp’s feedback resistor or the output should be bypass- 
ed. Note also that the noise level of zeners, op amps and 
voltage regulators varies from lot to lot and especially 
from one manufacturer to another. Bypassing these 
devices during the design stage will prevent the noise 
level variation from becoming a possible production 
problem. 
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TYPICAL PERFORMANCE CURVES 
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TYPICAL PERFORMANCE CURVES 
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OUTPUT VOLTAGE VS OUTPUT CURRENT 


A negative voltage for Vss and VREF can be generated 
from the positive supply by using a hex inverter as a free 
running oscillator to drive a voltage doubler. The five in- 
verters are paralleled to provide a low output impedance. 
Since the 4049 is a standard 4000 CMOS part, the circuit 
can be operated from 3 to 15 volts. 10uF capacitors were 
used in order to minimize output ripple at low V + voltages. 


1IN4148 


45 


10:F Le %Vo 10:.F Io —e 


Voltage Doubler 


When higher input voltages (V+) are available the 10yF 
capacitors can be lowered to 1 or 0.1uF depending on the 
output loading. If this circuit generates more voltage than 
is needed, one half of the diodes and capacitors can be 
eliminated to reduce cost. The output voltage will then be 
one half of that shown in the graph and is available on the 
negative side of the 10uF capacitor connected to ground. 


8700 SERIES CONNECTION DIAGRAM 
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The Teledyne Semiconductor 8700 series are integrating 
A/D converters. These are available with 8-, 10-, or 12-bit 
resolutions, with or without three-state outputs, and 
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also in a 3% digit parallel BDC format. Individual data 
sheets are available from Teledyne Semiconductor. 
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Monolithic CMOS 
D/A Converters 
8600 Series 


8640, 8641 


12-Bit 
Multiplying 


Features 


e 12 bit linearity (0.01% achieved without laser 
trimming) 

2 ppm/°C max gain error tempco 

Full Four Quadrant Multiplication 

Low Power CMOS, <30mW 

TTL/CMOS Compatible Inputs 

Low feedthrough error 

Compensated feedback resistor 

Low cost 

883B processing available 

Direct replacement for AD7521 and AD7541 


Applications 


CRT Graphics Generator 
Synchro-to-digital converters 
Digitally controlled attenuators 
Programmable amplifiers 

Digitally controlled power supplies 
A/D Conversion 

Function Generators 

Digital Filters 


Ordering Information 


a 7 
= Banal Ce —25°C to | —55°C to 
+70°C +85°C + 125°C 


0.024% 8640CJ 8640CN 
0.012% 8641CJ 8641CN 


Schematic Diagram 


BIT3 BIT 4 BIT5 BIT6 BIT7 


General Description 


The 8640 and 8641 are 12-bit monolithic CMOS digital-to- 
analog converters featuring double layer metal interconnec- 
tions for improved high speed operation and lower cost. The 
use of precision thin-film deposition resistors provides 12-bit 
linearity without laser trimming, thus eliminating any long- 
term instabilities laser trimming might introduce. The use of 
compensating FET switches in the feedback resistor and at the 
end of the ladder chain reduces gain error temperature coeffi- 
cient to a maximum of 2 pm/ °C. 


The 8640, 8641, 12-bit multiplying D/A converters consist of a 
highly stable thin film R-2R ladder and twelve CMOS current 
switches on a monolithic chip. Most applications require the 
addition of only an output operational amplifier and a voltage 
or current reference. 


The 8640 and 8641 are pin for pin replacements for Analog 
Devices AD7541. They meet or exceed the performance of the 
AD7541, with improved supply rejection, lower variation of 
linearity and gain error with Vpp, and improved temperature 
stability. 


Connection Diagram 


touts {| 1 | RFEEDBACK 

lour2 | 2 | Vrer INPUT 

GND] 3 | 116 | Vop (+) 
BIT 1(MSB)| 4 | BIT 12 (LSB) 


BIT 2] 5 | BIT 11 
BIT3{[ 6 | BIT 10 
BIT 4 BIT 9 
BITS| 8 | BIT8 
BiT6| 9 | BIT7 


TOP VIEW 


+5V to + 15V 


BIT8 BITS BIT 10 BIT 11 BIT 12 
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CMOS 8640, 8641 


Absolute Maximum Ratings 


(T, =25° unless otherwise noted) 


Operating Temperature 
PEN | =88C to — 125°C _| 


Package Dissipation 450mW 
Derate above + 75°C by 6mW 


Electrical Characteristics Note: Unless otherwise specified, Vop = +15V, Vace = +10V. See page 7 for 
definitions and test circuits. 


| Ta= 25°C T,= Full Temp Range 
PARAMETER | min | typ. [MAX | TYP UNITS CONDITIONS 


STATIC ACCURACY 
Resolution 
Nonlinearity 8640 
8641 
Nonlinearity Tempco ppm/°C 
Gain Error? %FSR' 
Gain Error Tempco ppm/°C 
Power Supply Sensitivity : %per% |Vpop = 15V + 0.5V 
Output Leakage Current + Veer = +10V 
DYNAMIC PERFORMANCE 
Output Current Settling Time to 2 LSB (.05%) 
to % LSB (.01%) 
Feedthrough Error Veer = 20Vpp: @ 10 kHz 
REFERENCE INPUT 
Input Resistance 
DIGITAL INPUTS 
VINH 
VINL 
Input Leakage Current 
Input Capacitance 
ANALOG OUTPUT 
CAPACITANCE 
CouT1 : Digital Inputs = Vinny 
Cout2 Digital Inputs = Vinny 
Cout1 Digital Inputs = Vinr 


CAUTION 


. Do not apply voltages higher than Vpp or less 
than GND potential on any terminal except 


VREF. 
. The digital control inputs are zener protected; 


however, permanent damage may occur on 
unconnected units under high energy elec- 
trostatic field. Terminate all unused inputs. 
Store in conductive foam at all times. Use 
proper anti-static handling procedures. 


Lead Temperature 
(Soldering, 10 seconds) 


Cour2 Digital Inputs = Vinci 
POWER REQUIREMENTS 


VppRange Accuracy is not guaranteed 
over this range 


lop Digital Inputs = VINH or VINL 


NOTES: 1. FSR is Full Scale Range 
2. Using internal feedback resistor. 
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Typical Performance Characteristics 
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Figure 4. Feedthrough Error vs. Frequency 
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Application Hints 


Linearity depends on the voltage at Igy7z1 and Igyt2 (pin 1 and 
pin 2) being exactly equal to GND (pin 3) and to the output 
amplifier’s non-inverting (+) input. Careful PC board layout 
and adjustment and selection of the amplifier’s offset voltage 
and bias current are necessary. 


The input structures of some high speed operational amplifiers 
can attempt to draw substantial current during switch-on. 
Schottky diodes should be used in these circumstances to 
prevent exceeding the absolute maximum rating for Voyy; and 
Vout2: 


The power supply should be carefully checked for noise, 
which would affect performance, and overshoot which could 
damage the device. 


Unused digital inputs must always be grounded or tied to Vpp 
to ensure correct operation. Particular care should be taken 
when digital inputs are routed to another PC card. It is 
recommended that inputs open-circuited when PC cards are 
disconnected be taken to Vpp or GND via high value (1MQ) 
resistors to prevent the buildup of static charge. 


Circuit Description 


The 8640, 8641, 12-bit multiplying D/A converters consist of a 
highly stable thin film R-2R ladder and twelve CMOS current 
switches on a monolithic chip. Most applications require the 
addition of only an output operational amplifier and a voltage 
or current reference. 


The simplified D/A circuit is shown in Figure 5. An inverted 
R-2R ladder structure is used—that is, the binarily weighted 
currents are switched between the Ioy7; and the Igy72 bus 
lines thus maintaining a constant current in each ladder leg 
independent of the switch state. 


10k 10k 


10k 


VREF O 


| 
I 
j 
fe) ie) 
BIT2 BIT3 


DIGITAL INPUTS (DTL/TTL/CMOS COMPATIBLE) 


BIT 12 (LSB) 


BIT 1 (MSB) 


Figure 5. D/A Functional Diagram 
(Inputs “HIGH”) 


One of the CMOS current switches is shown in Figure 6. The 
geometries of devices 1, 2 and 3 are optimized to make the 
digital control inputs DTL/TTL/CMOS compatible over the 
full military temperature range. The input stage drives two 
inverters (devices 4, 5, 6 and 7) which in turn drive the two 
output N-channels. The “ON” resistances of the switches are 
binarily scaled so the voltage drop across each switch is the 
same. For example, switch 1 of Figure 5 was designed for an 
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“ON” resistance of 10 ohms, switch 2 of 20 ohms and so on. 
For a 10V reference input, the current through switch 1 is 
0.5mA, the current through switch 2 is 0.25mA, and so on, 
thus maintaining a constant 5mV drop across each switch. It is 
essential that each switch voltage drop be equal if the binarily 
weighted current division property of the ladder is to be 
maintained. 


TO LADDER. 


DTL/ 
TTL/CMOS 
INPUT 


lout. out; 


Figure 6. CMOS Switch 


Equivalent Circuit Analysis 


The equivalent circuits for all digital inputs high and all digital 
inputs low are shown in Figures 7 and 8. In Figure 7 with all 
digital inputs low, the reference current is switched to Igyt2. 
The current source l_eaxace is composed of surface and 
junction leakages to the substrate while the 1/4096 current 
source represents a constant 1-bit current drain through the 
termination resistor on the R-2R ladder. The “ON” 
capacitance of the output N-channel switch is 200pF, as 
shown on the Igyt2 terminal. Analysis of the circuit for all 
digital inputs high, as shown in Figure 8, is similar to Figure 7; 
however, the “ON” switches are now on terminal loy71, hence 
the 200pF at that terminal. 


RFEEDBACK 


ILEAKAGE 
OUT1 


> 10k9 A 


IREF = 
——_ LEAKAGE 
VREF lout2 


Ry 1/4096 A sel 


Figure 7. DIA Equivalent Circuit — 
All Digital Inputs Low 


RFEEDBACK 


louT1 


LEAKAGE 


5 tee louT2 
A 60pF 


Figure 8. DIA Equivalent Circuit — 
All Digital Inputs High 
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Dynamic Performance 


Output Impedance 

The preceding circuit analysis shows that the output 
capacitance is dependent upon the digital code, as is the out- 
put resistance. Looking back into Igy71 the resistance varies 
between 10k (Reeeppack alone) and 5kQ (R- in parallel with 
the 10kQ network resistance.) 


This variation affects both static accuracy and dynamic per- 
formance. The effect on static accuracy is further considered 
on pages 5 and 6. The dynamic performance of the D/A will 
depend upon the gain and phase stability of the output 
amplifier, together with the optimum choice of PC board 
layout and decoupling components. 


+ 15V 


RFEEDBACK 


BIT1 O——] 4 17 16:18 SF = ae 


BIT 12 (LSB) 


SLEW RATE 
= 0.5V/pus 


Figure 9. DAC Circuit Using 741 Op Amp 


20 ps/DIV 


pfovenrfnn ncn 
ANA 


PEEPPPPEEr 


Figure 10. Output Waveform with 741 Op Amp 


5V 
ourrur| / 
ov 


BIT 12 (LSB) 
SLEW RATE 


= 12V/ps 
SETTLING TIME TO 
0.01% = 1.548 


Figure 11. DAC Circuit Using LF356 Op Amp 
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2 us/DIV 


5V 
INPUT 
Ov 


10V 


5V 
OUTPUT 
OV 


Figure 12. Output Waveform with LF 356 Op Amp 


Cr 


an 


Figure 12A. Optimizing Settling Time 
The capacitance seen at the inverting input of the op amp 
interacts with the feedback elements and creates an 
undesirable high frequency pole. In order to optimize the settl- 
ing time and step response of the entire D/A system, a com- 
pensation capacitor, Cr, needs to be added such that R,C; = 
R-Ce. C; is equal to the sum of the op amp input capacitance 
plus the D/A output capacitance and the layout capacitance. 
The final value of Cr is best determined by actual lab testing. 


+ 15V 
O 


Cr = 18pF 
~ Vout 
ADS509 O 
* 

SLEW RATE = 
100V us 

— SETTLING TIME TO 

0.01% = tps 


Figure 13. DAC Circuit Using AD509 


1us/DIV 


* 
: aie a 


: = 


Figure 14. Output Waveform with AD509 Op Amp 


The circuits and waveforms shown in Figures 9 to 14 are 
representative of the three principal types of output amplifiers: 
a general purpose low drift (741), a fast settling, high speed, 
low cost op amp (LF 356), and a fast settling unit (AD509). 
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Points to remember when applying high speed amplifiers 
include: 


1. Protection diodes as shown in Figures 15 and 16. 

2. Phase compensation for the DAC’s output capacitance 
(Ce). 

3. Power supply decoupling and correct grounding. 


Applications 


R1 5002 


VREF 
O 


BIT 1 (MSB) 


BIT 12 (LSB) 


Figure 15. Unipolar Binary Operation 


Unipolar Binary Operation 


The connections required for unipolar digital binary operation 
are shown above. Vref may be positive or negative so 
2-quadrant multiplication may be performed. Schottky diode 
D1 (HP5082-2811, IN5817, MBR120P or equivalent) protects 
lout: from negative excursions which could damage the 
device. This precaution is only necessary with certain high 
speed amplifiers. 


Bipolar (4-Quadrant) Binary Operation 


The digital input is offset binary coded and multiplies Vrer 
according to Table 2. Resistors R1 and R2 should be equal 
within 0.1% at all temperatures, but need not track the 
resistors within the DAC. D1 and D2 perform the same func- 
tion as in Figure 15. Network R3, R4 and R5 sum %LSB of 
current into Igyrz to ensure correct coding at zero. 

R1 or R2 can be adjusted to produce the outputs shown in 
Table 1. However, it is recommended that when the applica- 
tion permits it R1 and R2 be omitted. The typical gain error in 
this condition is 0.3% of full scale. The offset voltage of 
amplifier A1 should be adjusted to less than 0.5mV over the 
temperature range. 


R1 5002 


VREF 


BIT 1 (MSB) 
O 


O 
BIT 12 (LSB) 


Figure 16. Bipolar (4-Quadrant) Binary Operation 
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P Nominal 
Digital Input Analog Output 


17ITITI0TA14 — 0.99975 Ver 
100000000000 ~0.50000 Var 
010000000000 ~0.25000 Ver 


000000000000 0 


Table 1. Code Table for Unipolar Operation.(Figure 15) 


Nominal 
Digital Input Analog Output 


1177091717711 — 0.99951 Var 
100000000001 —0.00049 Vagr 


100000000000 0 


010000000000 
000000000000 


+ 0.50000 VRer 
+ 1.00000 VReF 


Table 2. Code Table for Bipolar Operation (Figure 16) 


Amplifiers A1 and A2 should be adjusted to an input offset of 
less than 0.1mV and should be better than 0.5mV over the 
temperature range. With Veer set to approximately 10V, R4 
should be adjusted so that with code 100000000000 Voy; = 
OV +0.2mV. R1 or R2 should be adjusted so that with code 
000000000000 Vout = Ver: 


As with the unipolar circuit R1 and R2 can be omitted, with a 
resulting typical gain error of 0.3% of full scale. R4 may be 
replaced by a 1000 fixed resistor. In this case, the typical zero 
error is 0.015% of F.S.R. 


Output Amplifier Considerations 

It has already been pointed out that the DAC output resistance 
varies with the digital code. The effect this has on static 
accuracy will now be considered. 


VREF R R R 
O 


Figure 17. Output Amplifier 


The error voltage = Vos (1 + ) 


Ro is a function of the digital code. 
Ro = 10kQ for any more than 4-bits Logic 1. 
Ro = 30k0 for any single bit Logic 1. 


Ih mM 
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The gain for offset, therefore, changes as follows: 
At code 001111111111 Verror1 = Vos (1 ae | a Ving 


At code 010000000000 Verror2 = Vos( 1 to EF 3 Vos 


The error difference is therefore 4 Vos. 


Since, for a 12-bit resolution DAC, one LSB has a weight (for 
Vrer = 10V) of 2.5mV, it is clearly important that Vog be 
nulled, either using the amplifier’s nulling facility or an external 
network. 


It is important to realize that an offset can be caused by 
including the usual bias current compensation resistor in the 
amplifier’s non-inverting input terminal. This should not be 
used. Instead the amplifier should have a bias current which is 
low over the temperature range of interest, and should cer- 
tainly not exceed 75nA. 


Analog/Digital Division 


BIT 1(MSB) O 


Vin O O +15V 


O VouT 


Figure 18. Analog/Digital Divider 


With the D/A connected in its normal multiplying configura- 
tion shown in Figure 15, the transfer function is 


Vo = -Vin At ge Beg. FS. Pg ) 


m1 32 8 mre, Sa 


where the coefficients Ax assume a value of 1 for an ON bit 
and 0 for an OFF bit. 


By connecting the DAC in the feedback of an operational 
amplifier, as shown in Figure 18, the transfer function 
becomes 


Weis -VIN 
( eae. a. ee eee Ba) 
21 92 93 912 


This is division of an analog variable (Vj) by a digital word. 
With all bits off, the amplifier output goes to the supply rails 
since division by zero is not defined. With the LSB (Bit 12) 
ON, the gain is 4096. With all bits ON, the gain is 1 (+1LSB). 
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Test Circuits 


VREF +15 V 


O 
LINEARITY 
ERROR 
xX 100 


BP 


10K .01% 


14 BIT 
REFERENCE 
DAC 


Figure 19. Nonlinearity 


+11V (ADJUST FOR Vout = OV) 


QUAN 
15yF TECH 
; MODEL 
134D 
WAVE 
ANALYZER 


0.1pnF 


I 


Figure 20. Noise 


+15V 


Vrer = 20V p-p 10kHz SINE WAVE 


Vout 


Figure 21. Feedthrough Error 


Specification Definitions 
Nonlinearity: Error caused by deviation of the DAC transfer 
function from a best straight line fit. Normally expressed as a 


percentage of full scale. For a multiplying DAC, this should 
hold true over the entire Vac range. 


Resolution: Value of the LSB. For example, a unipolar con- 
verter with n bits has a resolution of (2~") (Ver). A bipolar 
converter of n bits has a resolution of [2~'"~"] [Vperl. 
Resolution in no way implies linearity. 


Settling Time: Time required for the output of the DAC to 
settle to within % LSB for a given digital input change, i.e., 0 
to Full Scale. 
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+15 V 


UNGROUNDED 
SINE WAVE 
GENERATOR 
40Hz 2V p-p 


5K 0.01% 
VeERROR 
x 100 


5K 0.01% 


RFEEDBACK 


+15V Nc +15 


BIT 12 (LSB) 


+15V 


3t: 5% SETTLING 
EXTRAPOLATE 1. 0.01% SETTLING 


+5V OSCILLOSCOPE 


ov 


Figure 24. Output Current Settling Time 


Gain: Ratio of output voltage, from an external op amp, to the 
Vref input voltage when the DAC’s internal feedback resistor 
is used. 


Feedthrough Error: Error caused by capacitive coupling from 
Vref to the output with all switches OFF. 


Output Capacitance: Capacity from lout; and lout2 to 
ground. 


Output Leakage Current: Current which appears on Iou71 
terminal with all digital inputs LOW or on Igyt2 terminal when 
all inputs are HIGH. 
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Digital/Synchro Converter 


SWITCH 


Figure 25. 14-Bit Digital to Synchro Converter 


The low cost and high accuracy available from the Teledyne 
Semiconductor 8640, 8641 together with their bipolar multiply- 
ing capability, are exploited fully in the circuit of Figure 25. 
Veer is normally 400Hz but by replacing the transformers with 
dc-coupled circuits coordinate transformation may be per- 
formed. 


The SIN/COS ROM is readily available at low cost and the 
Analog switch enables greater resolution to be obtained. 


Resolver-to-synchro transformation is performed by the Scott 
connected pair T1 and T1A. The power available to the load 
connected to S1, S2 and S3 is determined by the amplifiers A1 
and A2. A particular advantage of the circuit shown in Figure 
19 is that it is invariant with respect to @, and may be used to 
directly drive equipment such as CRT displays. 
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Physical Dimensions 


Dimensions shown in inches and (mm/. 


0.3 (7.62) 
0.28 (7.12) 


Recs” 91 (23. ae 
ss 89 (22.61) 
Ee 12 (3.05) 
0. + oo 32) 0.06 (1.53) 
=o 175 (4.45) 
.012 (0. 
O25 60) a 8.008 {0.203} 
i 06 (1.53) a 02 Me 508) = 105 te — 7 0.306 (7.78) 
0.045 (1.15) 0.015 (0.381) 0.095 (2.42) 0.234 (7.47) 
N Package 
18-Pin Ceramic DIP 
0.26 (6.61) 
0.24 fais Sg 
0.91 (23. | 0.306 (7.78) 
0.89 (22.61) “] 294 (7. i] a 
i ae 
ie 175 (4.45) 
0.12 = 05) we 
0 
0.012 (0.305) 
: 065 [ 66) 0.02 Tr 508) = 105 is ot 0.008 (0.203) 
0.045 (1.15) 0.015 (0.381) 0.095 (2.42) 
J Package 


18-Pin Plastic DIP 


NOTE: Pin 1 indicated by adjacent dot, indent or end notch. 
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Voltage to Frequency 
and Frequency to 
Voltage Converters 


Voltage to Frequency 
Frequency to Voltage 
Converters 


9400 
9401 
9402 


Features 


Voltage-to-Frequency 
1Hz to 100kHz Operation 
Choice of Guaranteed Linearity: 


9401 01% 
9400 05% 
9402 25% 


+25ppm/°C Typ. Gain Temperature Stability 
Open Collector Output 

Output can Interface with any Form of Logic 
Pulse and Square Wave Outputs 
Programmable Scale Factor 

Low Power Dissipation (27mW Typ.) 

Single Supply Operation (8V to 15V) 

Dual Supply Operation (+4V to +7.5V) 
Current or Voltage Input 


Frequency-to-Voltage 


DC to 100kHz Operation 
Choice of Guaranteed Linearity: 


9401 0.02% 
9400 0.05% 
9402 0.25% 


Op Amp Output 

Programmable Scale Factor 

High Input Impedance (>10MQ) 
Accepts any Voltage Wave Shape 


General Description 


The Teledyne 9400 Series are low cost Voltage-to- 
Frequency converters combining Bipolar and CMOS 
technology on the same substrate. The converters 
accept a variable analog input signal and generate an 
output pulse train whose frequency is linearly 
proportional to the input voltage. 

The 9400 Series can also be used as highly accurate 
Frequency-to-Voltage converters, accepting virtually 
any input frequency waveform and providing a linearly 
proportional voltage output. 

A complete V/F or F/V system requires the addition of 
two capacitors and three resistors and reference 
voltage. In addition the 9400’s operate on single or dual 
supply voltages. 


Ordering Information 


9400 CJ 14 Pin Plastic DIP (0°C to 70°C) 
9401 CJ 14 Pin Plastic DIP (0°C to 70°C) 
9402 CJ 14 Pin Plastic DIP (0°C to 70°C) 
9400 CN 14 Pin Ceramic DIP (-40°C to +85°C) 
9401 CN 14 Pin Ceramic DIP (-40°C to +85°C) 
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Applications 
Voltage-to-Frequency 


Temperature Sensing and Control 

uP Data Acquisition 

Instrumentation 

13-Bit A/D Converters 

Digital Panel Meters 

Analog Data Transmission and Recording 
Phase Locked Loops 

Medical Isolation 

Transducer Encoding 

Alternate to 555 Astable Timer 


Frequency-to-Voltage 
Frequency Meters/Tachometer 
Speedometers 


Analog Data Transmission 
and Recording 


Medical Isolation 
Motor Control 


RPM Indicator 
FM Demodulation 


Frequency 
Multiplier/Divider 


Flow Measurement 
and Control 


Absolute Maximum Ratings 


-65°C to +150°C 
0°C to 70°C 
-40°C to +85°C 
18V 
10mA 


Storage Temperature 
Operating Temperature 


(J Package) 
iN Package) 


Vout Max — Vout Common 


Package Dissipation 
Lead Temperature (Soldering, 10 sec) 


HANDLING PRECAUTIONS: The 9400 Series are CMOS Bipolar 
devices and must be handled correctly to prevent damage. Package 
and store only in conductive foam, anti-static tubes or other 
conductive material. Use proper anti-static handling procedures. Do 
not connect in circuits under “power on” conditions, as high 
transients may cause permanent damage. 


Connection Diagram 


141] Yoo 


13 |_] n.c. 


12 |_] AMPLIFIER OUT 
11 |] COMPARATOR IN 
10 |{_] FREQ/2 OUT 

9 |] ouTPUT COMMON 
8 |] PULSE FREQ. OUT 


NOTE: PIN 1 INDICATED BY ADJACENT DOT (N PACKAGE), 
INDENT OR END NOTCH (J PACKAGE). 
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Electrical Characteristics, V/F Mode 


Unless otherwise specified, Vpp = +5V, Vss = —5V, Vanpb = 0, VRe=z = —5V, Reias = 100KQ), Full Scale = 10KHz. Ta=25°C unless 
Full Temp. Range is specified :—40°C to +85°C for N package, 0°C to 70°C for J package). 


VOLTAGE-TO-FREQUENCY 9401 9400 
Parameter Definition Min. | Typ. | Max.| Min. | Typ. . | Min. is | Max. | Units 


Accuracy 


Linearity 10KHz Output Deviation from Straight 0.004 | 0.01 
Line between Normalized Zero 
and Full Scale Input 0.04 


Linearity 100KHz 0.08 % Full 


Scale 


Gain Temperature | Variation in Gain ‘A: due to 
Drift Temperature Change 


Gain Variance Variation from Exact A 
‘Compensate by Trimming Rin, 
VreF, or Creer: 

Zero Offset Correction at Zero Adjust for Zero 
Output When Input is Zero 


Zero Temperature | Variation in Zero Offset Due to 


Drift Temperature Change 

Analog Inputs 

lin Full Scale Full Scale Analog Input Current 
to Achieve Specified Accuracy 

lin Overrange Overrange Current 

Response Time Settling Time to 0.01% Full Scale 


Digital Outputs 
VsaT @ loL=10uA | Logical “0” Output Voltage 


Vout Max. — Voltage Range between Output 
Vout Common and Common 


Pulse Frequency 
Output Width 


Supply Current 
Ipp Quiescent 


Current Required from Positive 


'N Package: Supply During Operation 
L ‘J Package: 
Iss Quiescent Current Required from Negative 
‘N Package: Supply During Operation 
‘J Package: 
Vop Supply Operating Range of 


Positive Supply 4.0 


Vss Supply Operating Range of 
Negative Supply -4.0 
Reference Voltage 
VrRer—Vss Range of Voltage Reference Input | -1.0 
NOTES: 
1. Full temperature range. ; 7. Tr = tf = 20ns. 
2. lin = 0. 8. RL = 2K. 
3. Full temperature range, lout = 10mA. 9. Full temperature range, Vin = -0.1V. 
4. lout = 10nA. 10. Vin = -0.1V. 
5. 10Hz to 100KHz. 11. lin connects the summing junction of an operational amplifier. 
6. Sus min. positive pulse width and 0.5us min. negative Voltage sources cannot be attached directly but must be buffered 
pulse width. by external resistors. 
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V/F Circuit Description 


+5V 
+5V 
14 ? 
Fog ee eet sy a pee es ee ey 
[ VoD | RL 
6|GND 2 10K 
| fo lg “ 
= | COMPARATOR> 3us DELAY 
COMP 
11] IN 
+ +5V 


| 9 

| 

| -2sv TOK 

| 10 , 

| a 

| l OUTPUT | 1 
COMMON = 


12| OUT : 
60. 7| VREF 5 | 
5 

CINT 4 Seales? (a | 
820pF —_ | 20K 3 | 
1M 3|4in | 

VIN © = 
+5V | | 
0—10V | oP AMP | 
510K 9) OFFSET | 

50K o 
| | 
—5V fo eee IBJAS? = =) coy | MOS oS J 

ADJUST RBIAS 
100K 


Figure 1. 10Hz to 10K Hz V/F Converter 


fo | | — | 3us TYP | | | | 


fo/2 Vt 


To adjust fo set Vin 1omv and adjust the 50K offset for 10Hz out. 


To adjust frnax, Set VIN =10V and adjust Rin Of Veer for 10/K Hz out. 


To increase fg yTMAX to 100KHz change Cp_er to 27pPF and Cin to 75pF. 


ff)» > 


For high performance applications use high stability components for Rin, CREF, VREF (metal 
iim resistors and glass film capacitors). Also separate the output ground (Pin 9) from the input ground (Pin 6). 


+> 


Figure 2. Output Waveforms 
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V/F Circuit Description (Contd.) 


The Teledyne 9400 V/F Converter operates on the principal 
of charge balancing. The input voltage (Vij) is converted to 
a current (Ijjy) by the input resistor. This current is then 
converted to a charge by the integrating capacitor and shows 
up as a linearly decreasing voltage at the output of the op amp. 
The zero crossing of the output is sensed by the comparator 
causing the reference voltage to be applied to the reference 
capacitor for a time period long enough to virtually charge 
the capacitor to the reference voltage. This action reduces the 
charge on the integrating capacitor by a fixed amount (q = 
CREF X VREF) causing the op amp output to step up a finite 
amount. 


At the end of the charging period, CREF is shorted out 
dissipating the stored reference charge so that when the output 
again crosses zero, the system is ready to recycle. In this 
manner, the continued discharging of the integrating capacitor 
by the input is balanced out by fixed charges from the refer- 
ence voltage. As the input voltage is increased, the number of 
reference pulses required to maintain balance increases causing 
the output frequency to also increase. Since each charge incre- 
ment is fixed the increase in frequency with voltage is linear. 
In addition, the accuracy of the output pulses does not directly 
effect the linearity of the V/F. It must simply be long enough 
for full charge transfer to take place. 


The 9400 contains a “‘self-start” circuit to assure that the V/F 
will always operate properly when power is first applied. In 
the event that during ‘“‘Power-on” the op amp output is 
below the comparator threshold and Cr_f is already charged, 
a positive voltage step will not occur. The op amp output 
will continue to decrease until it crosses the —2.5 volt thres- 
hold of the “self-start’’ comparator. When this happens a 
resistor is connected to the op amp input causing the output 
to quickly go positive until the 9400 is once again in its normal 
operating mode. 


The 9400 utilizes both bipolar and MOS transistors on the 
same substrate, taking advantage of the best features of each. 
MOS transistors are used at the inputs to reduce offset and 
bias currents. Bipolar transistors are used in the op amp, for 
high gain, and on all outputs for excellent current driving 
capabilities. CMOS logic is used throughout to minimize power 
consumption. 


Pin Functions 

Comparator Input — In the V/F mode, this input is connected 
to the amplifier output (pin 12) and triggers the 3usec pulse 
delay when the input voltage passes its threshold. In the F/V 
mode, the input frequency is applied to the comparator input. 


Pulse Freq Out — This output is an open-collector bipolar 
transistor providing a pulse waveform whose frequency is 
proportional to the input voltage. This output requires a 
pull up resistor and interfaces directly with MOS, CMOS and 
TTL logic. 


Freq/2 Out — This output is an open-collector bipolar tran- 
sistor providing a square wave that is one-half the frequency 


45 
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of the pulse frequency output. This output requires a pull up 
resistor and interfaces directly with MOS, CMOS, and TTL 
logic. 


Output Common — The emitters of both the freq/2 out and 
the pulse freq out are connected to this pin. An output level 
swing from the collector voltage to ground or to the Vss 
supply may be obtained by connecting to the appropriate 
point. 


RBIAS — Specifications for the 9400 are based on RpiAs = 
100K +10% unless otherwise noted. RpjAs may be varied 
between the range of 82K < Rpjas < 120K. 


Amplifier Out — The output stage of the operational amplifier. 
A negative going ramp signal is available at this pin in the V/F 
mode. In the F/V mode a voltage proportional to the frequen- 
cy input is generated. 


Zero Adjust — The non-inverting input of the operational 
amplifier. The low frequency set point is detemined by adjust- 
ing the voltage at this pin. 


I1N — The inverting input of the,operational amplifier and the 
summing junction when connected in the V/F mode. An input 
current of 10uA is specified for nominal full scale but an over 
range current up to 50uA can be used without detrimental 
effect to the circuit operation. 


VREF — A reference voltage from either a precision source or 
the Vss supply may be applied to this pin. Accuracy will be 
dependent on the voltage regulation and temperature charac- 
teristics of the circuitry. 


VREF OUT — The charging current for CreF is derived from 
the internal circuitry and switched by the break-before-make 
switch to this pin. 


V/F Design Information 


Input/Output Relationships — The output frequency is related 
to the analog input voltage (Vij) by the transfer equation: 


VIN 1 


Frequency OUt— 5. eer] GOREr) ~ 


fo 


External Component Selection 


Rin — The value of this component is chosen to give a full 
scale input current of approximately 10uA. 


Vin FULL SCALE 


Rin = 
nN 10uA 
Example: 
10 
Rin = — = 1MQ 


10uA 
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V/F Design Information (Contd.) 


Note that the value is an approximation, and the exact rela- 
tionship is defined by the transfer equation. In practice, the 
value of Rin typically would be trimmed to obtain full scale 
frequency at Vij FULL SCALE (see adjustment procedure). 
Metal film resistors with 1% tolerance or better are recom- 
mended for high accuracy applications because of their thermal 
stability and low noise generation. 


Cint — Exact value not critical but is related to CREF by the 
relationship: 


3CREF < CiNT < 10CREF 


Improved stability and linearity is obtained when CINT 2 
4CReEF. Low leakage types are recommended although mica 
and ceramic devices can be used in applications where their 
temperature limits are not exceeded. Locate as close as possible 
to pins 12 and 3. 


Cref — Exact value not critical and may be used to trim the 
full scale frequency (see input/output relation). Glass film or 
air trimmer capacitors are recommended because of their 
stability and low leakage. Locate as close as possible to pins 
5 and 3. 


Vpp, Vss — Power supplies of +5V are recommended. For 
high accuracy requirements 0.05% line and load regulation and 
0.1uF disc decoupling capacitors located near the pins are 
recommended. 


V/F Single Supply Operation 


vt= 8V to 15V 


9400 V/F 


Fo=lin x 


15V 2M 20K 


Figure 4. Fixed Voltage—Single Supply Operation 


(V2-V7) (CREF) 


(VIN —Va) (VF¥=Va) 
(.9R4+2R)) 


ve [Ry Fe | 

10V 1M 10K 

12v | 1.4M | 14K lIn= 
RIN 


9400, 9401, 9402 


Adjustment Procedure — Figure 1 shows a circuit for trimming 
the zero location. Full scale may be trimmed by adjusting 
Rin, VREF, or CREF. Recommended procedure is as follows 
for a 10KHz full scale frequency. 


1. Set Vin to 10mV and trim the zero adjust circuit to obtain 
a 10Hz output frequency. 


2. Set Vin to 10.000V and trim either RIN, VREF, or CREF 
to obtain a 10KHz output frequency. 


If adjustments are performed in this order, there should be no 
interaction and they should not have to be repeated. 


500 
400 
‘a 300 
L 
cc 
Oo 200 
100 
100kHz 
0 le ee eee 
6 A 2 <2 <4 <6 -6 4 
Vrer (VOLTS) 


Figure 3. Recommended Crer vs VREF 


10V to 15V 


9400 V/F 


Figure 5. Variable Voltage—Single Supply Operation 
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10V to 15V 9400, 9401, 9402 


OFFSET 
ADJUST 


9400 V/F 


Figure 6. Single Variable Supply Voltage with Offset and Gain Adjust 


Electrical Characteristics, F/V Mode 


Unless otherwise specified, Vpp = +5V, Vss = —5V, Vanp = 0, Vrez = —5V, Raias = 100K), Full Scale = 10KHz. Ta = 25°C unless 
Full Temp. Range is specified :—40°C to +85°C for N package, 0°C to 70°C for J package. 


FREQUENCY-TO-VOLTAGE 
Parameter Definition 


Accuracy 
Non-Linearity 


Deviation from Ideal Transfer 
Function as a Percentage of 
Full Scale Voltage 


Input Frequency 
Range 
Frequency Inputs 
Positive Excursion 


Frequency Range for Specified 
Non-Linearity 


Voltage Required to Turn 
Comparator On 


Voltage Required to Turn 


Negative 


Excursion Comparator Off 
Min. Positive Time between Threshold 
Pulse Width Crossings 


Time between Threshold 
Crossings 


Min. Negative 
Pulse Width 


Input Impedance 


Analog Outputs 
Output Voltage 


Voltage Range of Op Amp Output 
for Specified Non-Linearity 
Resistive Loading at Output 
of Op Amp 


Output Loading 


Supply Current 

Ipp Quiescent Current Required from Positive 
‘'N Package) Supply During Operation 
(J Package) 
Iss Quiescent 
(N Package) 
iJ Package) - 


Vpp Supply Operating Range of 
; Positive Supply 
Vss Supply Operating Range of ; 
Negative Supply 
Reference Voltage 
Vrer—Vss Range of Voltage Reference Input | -1.0 


Current Required from Negative 
Supply During Operation 


NOTES: 

1. Full temperature range. 7. Tr = tt = 20ns. 

2. lin = 0. 8. Ri = 2K. 

3. Full temperature range, lout = 10mA. 9. Full temperature range, Vin = -0.1V. 

4. lout = 10pnA. 10. Vin = -0.1V. 

5. 10Hz to 100KHz. 11. lin connects the summing junction of an operational amplifier. 

6. 5us min. positive pulse width and 0.5us min. negative Voltage sources cannot be attached directly but must be buffered 
pulse width. by external resistors. 
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F/V Circuit Description 


The 9400, when used as a frequency to voltage converter, 
generates an output voltage which is linearly proportional to 
the input frequency waveform. 


Each zero crossing at the comparator’s input causes a precise 
amount:of charge (q = CREF x VREF) to be dispensed into 


—5V 


OFFSET 
ADJUST 


9400, 9401, 9402 


the op amp’s summing junction. This charge in turn flows 
through the feedback resistor generating voltage pulses at the 
output of the op amp. A capacitor (CjnNT) across RINT 
averages these pulses into a DC voltage which is linearly pro- 
portional to the input frequency. 


*OPTIONAL IF 
BUFFER IS NEEDED 


OUTPUT | 
COMMON 19 


CREF 
SEE NOTE BE 
SPF BELOW 


oVo 


Figure 7. DC — 10KHz F/V Converter 


F/V Design Information 


Input/Output Relationships — The output voltage is related to 
the input frequency (Fj)j) by the transfer equation: 


Vout t [Yrer Cree Rint]Fin 


The response time to a change in F|\ is equal to (RINT CiNnT). 
The amount of ripple on VOUT is inversely proportional to 
C|NT and the Input Frequency. 


CINT can be increased to lower the ripple. 1uF to 100uF are 
perfectly acceptable values for low frequencies. 


When 9400 is used in the single supply mode, VREF is defined 
as the voltage difference between Pin 7 and Pin 2. 


Input Voltage Levels — The input signal must cross through 
zero in order to trip the comparator. In order to overcome the 
hysteresis the amplitude must be greater than +200mV. 
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If only a unipolar input signal (Fyn) is available, it is recom- 
mended that either an offset circuit using resistor be used or 
that the signal be coupled in via a capacitor. 


Fino— 11 


Note: CrRef should be increased for lower Fijy max. Adjust 
CREF so that Vg is approximately 2.5 to 3.0 volts for the 
maximum input frequency. When Fijy max is less than 1 kHz, 
the duty cycle should be greater than 20% to insure that 
CREF is fully charged and discharged. 
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F/V Design Information (Contd.) 


For 100KHz maximum input Ripyj7 should be decreased to 
100KQQ. 


Input Buffer — f, and f,/2 are not used in the F/V mode. 
However, these outputs may be useful for some applications, 
such as a buffer to feed additional circuitry. f, will then follow 
the input frequency waveform; except that f, will go high 3us 
after Fi) goes high. f,/2 will be square wave with a frequency 
of one half fo. 


If these outputs are not used, then Pins 8, 9 and 10 may be left 
floating or connected to ground. 


[> - 05s MIN |+-8.0Hs min-| 


INPUT | | | | | | 


LL petay = 3us 


fo/2 | | | | 


Figure 8. F/V Digital Outputs 


9400, 9401, 9402 


10V TO 15V 
9 


1. The input is now referenced to 6.2 V (Pin 6). The input signal must 
therefore be restricted to be greater than 4 volts (Pin 6 —2V) and less 
than 10 to 15V (Vpp). 


If the signal is AC coupled then a resistor (100K to 10M{2) must be 
placed between the input (Pin 11) and Pin 6. 

2. The output will now be referenced to Pin 6 which is at 6.2 V(Vz). 
For frequency meter applications a 1mA meter with a series scaling 
resistor can be placed across Pins 6 and 12. 


Figure 9. F/V Single Supply 


The sawtooth ripple which is on the output of an F/V can be 
eliminated without affecting the F/V’s response time by using 
the circuit in Figure 10. The circuit has a DC gain of +1. 
Any AC components such as a ripple are amplified both posi- 
tively, via the lower path, and negatively, via the upper path. 
When both paths have the same gain, the AC ripple is cancelled. 
The amount of cancellation is directly proportional to gain 
matching. If the two paths are matched within 10%, then the 
ripple will be lowered by 1/10. For 1% matching, the ripple is 
lowered by 1/100. The 10K potentiometer is used to make the 
gain equal in both paths. This circuit is insensitive to both freq- 
uency changes and to signal wave shape. 


10K 


oP AMP 
INPUT OUTPUT 


Physical Dimensions 


14 S 8 


1 7 
785 
MAX. 
500 
— al .060 
MAX. O15 


4 
.200 MAX. 
015 
150 MIN. 008 


! | 
:110 | |. .023 | 
090 014 


N Package 
14-Pin Ceramic DIP 
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I 7 1 @=—=— INDENT 


.200 +325 


MAX MAX 
OVERALL 
.020 
MIN 


; 110 | Las .023 .400 | 
100 .090 015 MAX 


MIN 


J Package 
14-Pin Plastic DIP 
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IV 
Voltage to Frequency 
and Frequency to 
Voltage Converters 


Application Notes 


Applications of the 9400 | —AN-10° 
Voltage to Frequency | 
Frequency to Voltage 


Converter 


Michael O, Paiva 
January 1978 


RATIOMETRIC MEASUREMENT 
(ANALOG DIVISION) 


& COUNTER 
ONE ONE 
SHOT SHOT 

“4 
OUTPUT =N — 
v2 


One of the most difficult circuits to build is one which will 
_divide one analog signal by another. Two V/F converters can 


do such division with ease. The numerator is counted directly 
as a signal, while the denominator forms the time base. 


RPM/SPEED INDICATOR 


ANALOG DISPLAY 


(OPTICAL OR MAGNETIC) 


Flow rates and revolutions per second are nothing more than 
frequency signals since they measure the number of events per 
time period. Optical and magnetic sensors will convert these 
flows and revolutions into a digital signal which in turn can be 


converted to a proportional voltage by the use of an F/V 
converter. A simple voltmeter will then give a visual indication 
of the speed. 


MOTOR SPEED CONTROL 


The motor’s speed is measured with the F/V, which converts 
RPM into a proportional voltage. This voltage is used in a 


PULSE TYPE TACHOMETER 
(OPTICAL OR MAGNETIC) 


negative feedback system to maintain the motor at the con- 
trolled setting. 
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A 9400 F/V can be used to regulate the amount of liquid or 


gas flowing through a pipeline. 


The flow rate detector generates a pulse train whose frequency 
is proportional to the rate of flow through it. The F/V con- 


PREAMP 


50/60 Hzo 


TEMP PROBES 
A. THERMOCOUPLE a PREAMP 


A temperature meter using the voltage output of a probe, 
such as one of the three shown, can be economically and 


PROPORTIONAL FLOW RATE CONTROLLER 


PULSE OUTPUT 


FLOW RATE 


METER 
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verts this frequency to a proportional analog voltage which is 


used to drive the valve controller. The valve controller regulates 
the valve so that the flow is steady even though pipeline pres- 


TEMPERATURE METER 


TEMP DISPLAY 


sure goes up and down. A voltmeter connected to the F/V 
output will indicate the actual instantaneous flow rate. 


GATE J l J l J | 
LATCH | l J l | l 


RESET RESET J l J l J l 


B. THERMISTOR PREAMP 


@) 


C. TRANSISTOR 
JUNCTION 


modulate an RF transmitter. 


straightforwardly implemented with the 9400 V/F. The V/F 
output is simply counted to display the temperature. 


There are two schemes that can be utilized to accomplish A/D 


conversion with a microprocessor: 


1. Depending on the number of digits of resolution required, 


A/D CONVERSION WITH A MICROPROCESSOR 


9400 ae! a DIGITAL 
Vv P 


PREAMP 


For long distance data transmission, the 9400 can be used to 


for counting the microprocessor’s clock. The final count 


will then be inversely proportional to the input signal. 


By taking the one’s complement (changing 1's to O’s and 


VOUT is measured by counting the V/F frequency for ims, 
10ms, 100ms, or 1 second. The final count is then directly 
proportional to the input voltage. (The microprocessor 
provides the time base.) 


. VIN is measured by determining the time between two 
pulses (negative edges). The FOUT signal is used as a gate 
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0’s to 1’s) of the final binary count a value directly propor- 
tional to the input will result. 


This technique will give a faster conversion time when 
resolution is very important, but dynamic range is limited. 
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13 BIT A/D CONVERTER 


13 BIT BINARY COUNTER TIME 


13 BIT LATCH 
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eae BASE 


BIT 1211109 876543210 


A 13 bit binary or 4 digit BCD A/D converter can be built by 
combining the 9400 V/F with a counter, latch and time 


base. When the V/F is set up for 10KHz full scale a'1 second 
time base will provide one conversion per second. 


4 DIGIT VOLTMETER W/OPTO-ISOLATED INPUT 


BATTERY OR 
TRANSFORMER 
ISOLATED 
SUPPLY 


The use of a frequency counter will give a display of the V/F’s 
frequency which is directly proportional to the input voltage. 


When the V/F is running at 10K Hz full scale, a 0.1 second time 
base will give 3 digit resolution with 10 readings per second. 


The opto isolator is used for transmitting the frequency so 
that there is no DC path to the frequency counter. This is 
especially handy in medical applications where a voltage probe 
should not be directly connected to a human body. 


LONG TERM INTEGRATOR WITH INFINITE HOLD 


BINARY 


VINO OR BCD 


t b 
Vo= f VIN dt RESET 
°o 


This system will integrate an input signal for minutes or days 
and hold its output indefinitely. The data is held in a digital 
counter and will stay there until the counter is reset. Typical 


COUNTER 


DIGITAL DISPLAY 


VOLTAGE OUTPUT 


applications involve controlling the amount of surface metal 
deposited in a plating system or how much charge a battery 


has taken on. 


LONG TERM INTEGRATOR FOR BIPOLAR (+/—) SIGNALS 


ABSOLUTE VALUE CIRCUIT 
When the input signal is negative as well as positive there 
needs to be .a way of generating ‘‘negative’’ frequencies. An 
absolute value circuit accomplishes this by giving the V/F a 


positive voltage only; and also telling the counter to count up 
for a positive voltage and to count down for a negative voltage. 
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ANALOG SIGNAL TRANSMISSION OVER TELEPHONE LINES 


AN-10 


VIN cE TELEPHONE i Seed TELEPHONE . o VouT 


SYSTEM LINEARITY ~0.03% 


The 9400's square wave output is ideal for transmitting analog 
data over telephone lines. A square wave is actually preferred 
over a pulse waveform for data transmission since the square 
wave takes up less frequency spectrum than a pulse waveform. 


The square wave’s spectrum can be further reduced by use of 
low pass filters. 


At the other end of the telephone line a 9400 F/V converts 
the frequency signal back into a voltage output which is 
linearly proportional to the original input voltage. 


TELEMETRY 


In a telemetry system the 9400 converts the analog input 
(VIN) into frequencies (10Hz to 100KHz) which can be used 
to modulate an RF transmitter. 


At the other end a receiver picks up the RF signal and modu- 
lates it back into the 10Hz to 100KHz spectrum. A frequency 


DIGITAL DISPLAY 


awe 
RESET 


TIME BASE 


counter connected to this signal will then give a count which is 
linearly proportional to the original analog voltage (V{N). 


RF 
RECEIVER 


If a linearly proportional analog output voltage is required, 
then the counter can be replaced by a 9400 used in the F/V 
mode. 


HIGH NOISE IMMUNITY DATA TRANSMISSION 


TWISTED 


PAIR CABLE 
we [psd 


DIFFERENTIAL 
DRIVER 


When transmitting analog data over long distances it is advan- 
tageous to convert the analog signal into a digital signal which 
will be less susceptible to noise pick-up. 


In the above system the 9400 converts the input voltage into 


DIGITAL DISPLAY 


‘a oe ae 
RESET 


TIME BASE 


ANALOG DISPLAY 


DIFFERENTIAL 
LINE RECEIVER 


either a pulse or square wave which is transmitted on a pair of 
wires by use of a line driver and receiver. At the other end 
the original voltage (Vjj) can be digitally displayed on a fre- 
quency counter or converted back to an analog voltage by use 
of a 9400 F/V converter. 
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DC RESPONSE DATA RECORDING SYSTEM 


Low frequency analog data (DC to 10KHz) can be recorded 
anywhere, stored and then reproduced. By varying the play- 


CASSETTE OR 
REEL TO REEL 
RECORDER 
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back speed, the frequency spectrum of the original data can 
be shifted up or down. 


FSK GENERATION AND DECODING 


CENTER 
FREQUENCY 


Frequency shift keying (FSK) is a simple means of transmit- 
ting digital data over a signal path (two wires, telephone lines, 
AM transmitters or FM transmitters). 


Typically only two frequencies are transmitted. One corres- 
ponds to a logical ‘‘0’’ while the other corresponds to a logi- 
cal 1". 


A 9400 V/F will generate these two frequencies when con- 
nected as shown above. The potentiometer sets the V/F to 


FREQUENCY 
OFFSET 


5 DIGITAL 
OUTPUT 


of]o of]o 


1 1 


the lower frequency. The digital input will then determine 
which frequency is selected. A ‘’0’’ selects the lower frequency 
while a “1” selects the upper frequency. 


The digital frequency signal is converted back into a digital 
format by a 9400 used in the F/V mode. 


ULTRA LINEAR FREQUENCY MODULATOR 


V+ 
CENTER 
FREQUENCY 


Since the 9400 is a very linear V/F converter an FM modu- 
lator is very easy to build. 


The potentiometer determines the center frequency while 
VIN will determine the amount of modulation (FM devia- 


FREQUENCY OUTPUT 


"LLL kL 


tion) around the center frequency. Vjjy can be negative as 
well as positive. 


FREQUENCY METER 


F 9400 Vo 
INY F/V 


The 9400 will convert any frequency below 100KHz into an 
output voltage, which is linearly proportional to the input 
frequency. The equivalent frequency is then displayed on an 
analog meter. 


ANALOG METER 


If the incoming frequency is above 100KHz a frequency divider 
in front of the 9400 can be used to scale the frequency down 


to the 100KHz region. 
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TACHOMETER BAR GRAPH DISPLAY 


VREF 
. 


A tachometer can be constructed by using the 9400 in the F/V 
mode to convert the frequency information (RPM) into a 
linearly proportional voltage. This voltage is then compared 
to one of n comparators (8 in this example). When the voltage 
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DISPLAY 


er | VISIBLE 
TWO QUAD LED’S 
COMPARATORS 


exceeds the trip point of a comparator the respective LED will 
light up and continue to stay lit as long as the voltage exceeds 
the trip point. This will give a bar graph type display with the 
height of the bar being proportional to RPM. 


FREQUENCY/TONE DECODER 


QUAD 


“1 
COMPARATOR 


FREQUENCY SET 


The frequency or tone to be detected is converted into a 
proportional analog voltage by the 9400 F/V converter: The 
quad comparators sense when the voltage (frequency) exceeds 
any of the four preset frequency limits. A logical ‘’1’’ at any 
of the five outputs indicates that the frequency is within those 
limits. 


Fa<F 


0 F3<F<F4 


Fo <F<F3 


F1<F<Fo 


O<F<Fy 


This system is useful for determining which frequency band a 
signal is in or for remote control where each frequency band 
corresponds to a different command. 
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FM DEMODULATION WITH A PHASE LOCKED LOOP 


Fino 


FREQUENCY 
COMPARATOR 


The high linearity of the 9400 (0.01%) is used to greatly 
improve the performance of a phase locked loop, resulting in 
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very precise tracking of Vo with respect to Fin. 


ANALOG DATA TRANSMISSION ON DC SUPPLY LINES (TWO WIRE TRANSMITTER) 


REMOTE SENSOR 


+ 
ANALOG 
INPUT 


By converting an analog voltage to a linearly proportional 
pulse train of short duration, it is possible to transmit this 
data on the same wires that are used to energize the V/F 
converter. 


The 9400 V/F shorts. out the DC supply for 3us out of 
each period. At 100KHz the supply line is down 30% of the 
10us period. As the frequency is lowered the down time 
decreases so that at 1KHz the line is down only 0.3% of 
the time. 


Two precautions are necessary to assure that the system does 
not stop functioning during the shorting period. At the power 
supply end a 1.2K resistor limits the current to 10mA ona 
15V supply line. This prevents the 9400 from being operated 
beyond its output rating and at the same time it prevents the 
supply from being shorted out. At the V/F end a capacitor 


Analog Display 


FREQUENCY 
COUNTER 


is used to keep the 9400 energized while the diode keeps the 
capacitor from being discharged. 


Since the 9400 requires only 2mA of current, a 1F capacitor 
ensures a stable voltage (the ripple is only 6mV). Since the 
3us pulses appear at the left side of the 1.2K resistor, it is 
easy to sense the signal here and convert the data back into a 
recognizable format. A frequency counter connected at this 
point will directly display the input voltage by counting 
the frequency. 


If an analog output is required, a 9400 in the F/V mode can 
be used to convert the frequency back into a voltage. The 
overall linearity is in the order of 0.03%, when both V/F and 
F/V are used. If only the V/F is used, then 0.01% linearity 
can easily be achieved. 


DIGITALLY CONTROLLED FREQUENCY SOURCE 


DIGITAL 
SIGNAL 


SOURCE 


This system generates frequencies which are controlled by a 
microprocessor counter, register, or by thumb-wheel switches. 


10 
0 *FO | | l | l 


Applications for such a system include computer controlled 
test equipment and numerically controlled machine tools. 


“4 TELEDYNE SEMICONDUCTOR 


WIDE FREQUENCY RANGE PULSE GENERATOR 


V+ 


FREQUENCY 
ADJUST 


The 9400 V/F is useful in the laboratory as a portable, battery 
operated low cost frequency source. The 9400 provides both 
pulse and square wave outputs. By adding an Op Amp inte- 
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grator, a triangular waveform can also be generated. The 
outputs can be frequency modulated via the FM input. 


FREQUENCY MULTIPLIER/DIVIDER WITH INFINITE RESOLUTION 


R 
Fout = Kika (tn) Fin 


voltage is then applied to a 9400 V/F which generates a pro- 
portional output frequency. 


Frequency scaling can easily be performed by first converting 
the incoming frequency into a proportional DC voltage. This 
is accomplished by using the 9400 in the F/V mode. Once the 
frequency is in a voltage format it is easy to scale this voltage 
up or down by use of a single potentiometer. The resultant 


Since the potentiometer is infinitely variable, the division/ 
multiplication factor can be any number, including fractions, 
(7 is simply VO/F|N while Ka is Fo/V{N). 


FREQUENCY DIFFERENCE MEASUREMENT 


Frequency difference measurement is accomplished by using 
two 9400's in the F/V mode to convert both frequencies into 
two proportional analog voltages (Vj and V2). VQ is inverted 
by a unity gain inverter. V7 and —VQ are then added by the 
summing Op Amp to give a voltage proportional to the fre- 
quency difference between F2 and F 4. 


0 Fo = Ky (F1—F2) 


O Vo = K2 (F2—F4) 


Since the 9400 V/F input is actually the summing junction 
to an Op Amp, Vj and —V2 can be summed at the 9400 
input to generate a frequency output which is proportional to 
the difference between F 1 and F92. 
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CONVERTERS SIMPLIFY DESIGN OF FREQUENCY MULTIPLIER* 


By using a programmable digital-to-analog converter in com- 
bination with frequency-to-voltage and voltage-to-frequency 
converters, this circuit can multiply an input frequency by any 
number. Because it needs neither combinational logic nor a 
high-speed counter, it is more flexible than competing designs, 
uses fewer parts, and is simpler to build. 


As shown in the figure, the V/F converter, a Teledyne 9400, 
transforms the input frequency into a corresponding voltage. 
An inexpensive device, the converter requires only a few ex- 
ternal components for setting its upper operating frequency as 
high as 100 kilohertz. 


Next the signal is applied to the reference port of the DAC-03 


d-a converter, where it is amplified by the frequency-multiplying 
factor programmed into the converter by thumbwheel switches 
or a microprocessor. The d-a converter’s output is the product 
of the analog input voltage and the digital gain factor. 


R3 sets the gain of the 741 op amp to any value, providing trim 
adjustment or a convenient way to scale the d-a converter’s 
output to a much higher or lower voltage for the final stage, a 
9400 converter that operates in the voltage-to-frequency mode. 
The 741 and R3 can also be used to set circuit gain to non- 
integer values. The V/F device then converts the input voltage 
into a proportionally higher or lower frequency. 


TELEDYNE 
9400 


FREQUENCY- 
TO-VOLTAGE 
CONVERTER 


11] compar- 12 15 


ATOR IN 
4 
1MQ 
jee 
100k2 Onur 
| ie og 
20k 
47 pF 

2 17 
16 

+5V +15V 
12 

-15V 


MSB = MOST SIGNIFICANT BIT 
LSB = LEAST SIGNIFICANT BIT 


DAC-03 
DIGITAL- 
TO-ANALOG 
CONVERTER 


9400 
VOLTAGE-TO- 
FREQUENCY 
CONVERTER 


REFout 
+15V 
4° 3 
6 
COMPARATOR IN 
R 
SAIN AMPLIFIER OUT 
des i VREF 
2 
= IBias 
3 
© 
a 50kQ OFFSET 
5 DIGITAL 
o| GAIN 
6 FACTOR 
o | (PROGRAM- 
7 MABLE) 
O 
8 
© 
a: 45V 


Circuit uses frequency-to-voltage-to-frequency conversion, with intermediate stage of gain between conversions, for multiplying input 
frequency by any number. Digital-to-analog converter is programmed digitally, by thumbwheel switches or microprocessor, for coarse 
selection of frequency-multiplying factor; 741 provides fine gain, enables choice of non-integer multiplication values. 


*Reprinted with permission from Electronics, October 12, 1978; Copyright © Mc-Graw-Hill, Inc., 1978. All rights reserved. 
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F/V RIPPLE 


Output ripple can be eliminated from the 9400 F/V converter 
by a simple process. The circuit diagram on the right shows a 
new method that eliminates ripple when connected to pin 12 
of the 940 used in the F/V mode. 


The sawtooth ripple which is on the output of an F/V can be 
eliminated without affecting the F/V’s response time by using 
the circuit in the above figure. The circuit has a DC gain of +1. 
Any AC components such as a ripple are amplified both posi- 
tively, via the lower path, and negatively, via the upper path. 
When both paths have the same gain, the AC ripple is cancelled. 
The amount of cancellation is directly proportional to gain 
matching. If the two paths are matched within 10%, then the 
ripple will be lowered by 1/10. For 1% matching, the ripple is 
lowered by 1/100. The 10K potentiometer is used to make the 
gain equal in both paths. This circuit is insensitive to both freq- 
uency changes and to signal wave shape. 


4-20 


AN-10 


ELIMINATOR 


10K 


INPUT OUTPUT 
O O 


OP AMP 


F/V Ripple Eliminator for 9400 F/V 
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Monolithic 
Voltage Reference 


9491 


1.22 Volts 


Features 

e Guaranteed temperature coefficient: 50 or 100 ppm/°C 
e Low bias current: 50ynA 

© Low breakdown voltage: 1.22V 

e Low dynamic impedance 20 max. 

© TO-18 or TO-92 package 


e Low Cost 


Applications 

e Reference for A/D and D/A converters 
e Threshold detectors 

e Voltage Regulators 

e VOM and VTVM's 

e Amplifier biasing 


e Battery operated equipment 


General Description 


The 9491 is a 1.22V temperature compensated voltage 
reference. It uses the band-gap principal to achieve ex- 
tremely tight regulation over a wide range of operating cur- 
rents. The use of thin film resistors assures long term 
stability and low noise. 


Connection Diagram 


Bottom Views 


TO-18 TO-92 


Ordering Information 


Temperature Range 
Temp. Coeff. 


—55°C to +125°C | O°C to 70°C 
- (TO-92) 


(TO-18) 


50 ppm/°C 9491AM 9491AJ 
100 ppm/°C 9491BM 9491BJ 


Packaging Information 


048 (1.22) 
028 (0.71) 


-100 ( \ 
(2.54) 7h 
s ton 
~O- 046 (1.17) 


Na 036 (0.91) 


2019 (0.48) ie 


.016 (0.41) 


BOTTOM VIEW 


All dimensions in inches (millimeters) 


TO-92 
(2 PIN) 


.210 (5.33) 
-170 (4.32) 


500 
(12.70) 
MIN. 
} — 
.205 (5.21) -105 (2.67) 
-175 (4.45) .095 (2.41) 
| —— | 


] 105 (2.67) 
.019 (0.48) 
tetoan CA 080 (2.03) 
2165 (4.19) 
1125 (3.18) 


BOTTOM VIEW 
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9491 


Absolute Maximum Ratings 


TO-18 TO-92 


Operating Temperature —55°C to +125°C 0°C to a= 


a 


Limited by max forward/reverse current 
Lead Temperature “ 

(Soldering, 10 seconds) 300°C 260°C 
Electrical Characteristics (1, = 25°c unless otherwise noted) 


ae ie 
Reverse Breakdown 
Reverse Breakdown AB 
Voltage Change vR 


Reverse Dynamic 
Impedance — 
Temp. Coefficient 
a 


Applications/Design Circuits 


50nA <Ip<5mA 


Adjustable Voltage Reference 
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Monolithic 
Voltage Reference 


Features 


Excellent Temperature Stability: 3ppm/°C 
Choice of Tolerance: 0.3 and 1% 
Adjustable Output 

Input Voltage Range: 7V to 40V 
Low Noise: 15 n.Vpp max. 
10mA Output Current 

Short Circuit Proof 

Low Power: 1.4mA 
Temperature Output 
Mil-STD-883 Screening Available 
Replaces REF-02 


Applications 


e A/D Reference 

e D/A Reference 

e Current Source 

e Transducer Reference 
© Calibration Standard 
e Thermometer 


Connection Diagram 


TOP VIEW 


8 PIN PLASTIC 
MINI DIP 


R7 


oe 


Q3 


O4 
GROUND 


9495 
5 Volts 


General Description 


The 9495, Precision Voltage Reference, uses the band gap 
principle to generate an extremely stable 5 volt reference. 
Included in the 9495 are a band gap reference, an output 
amplifier and a voltage which varies linearily with 
temperature. The reference is ideal because of its low cost, 
low output noise and low power requirement. The 9495 is 
exceptionally stable over wide variations in temperature, 
line voltage and load current. The reference operates on a 
single supply with voltages of 7 volts to 40 volts. 


The 9495 is available with initial accuracies of +0.3% or 
+1%. An external potentiometer can be used to vary the 
output voltage +6% with little effect on the temperature 
coefficient. The potentiometer can also be used to adjust 
the voltage for binary applications such as 5.12 volts. 


Pin 3 of the 9495 has available a voltage which varies 
linearily with temperature. The typical change is 2.1 
mv/°C, or 460mV to 840mV over the —55°C to + 125°C 
temperature range. By using a buffer amplifier, the output 
voltage can be scaled to the desired resolution and range. 


Output Adjustment 


The output voltage of the 9495 can easily 
be adjusted by connecting a poten- 
tiometer to pin 5 as shown in the adjacent 
figure. Changing the output voltage does 
affect the overall temperature coefficient, 
however, this effect is small being typical- 
ly only 0.7 ppm/°C per 100mV of adjust- 
ment. 


Ordering Information 


Part Number 


Initial Max. Temp. Temperature Maximum To-99 8 Pin 
Accuracy Coeff Range Voltage | Package Mini-Dip 
0.3% A 


40V - 
1.0% 30V 9495CJ 
0.3% 40V - 
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—55° to + 125°C 


These specifications apply for Vip) = +15V, Ta =25°C, unless otherwise noted. 


| Min | Max 
Siinat Galine tik 4.985 5.015 V 


Initial Accuracy 0.3% 
Max. Temp. Coeff. 8.5ppm/°C 
Temperature Range — 55°C to +125°C 
| Units _| 


Output Voltage Noise | enpp | 0.1Hz to 10Hz 
t 
I 


Line Regulation (Note 1) FY y= 8 to 33 aan 
Turn-on-Settling Time Pte To 0.1% of final value fT 


fo) 

IN 

on 

Oa a 

a GO 
SC 
VT 


Temp Valage Output es ire 


e following specifications apply for Vipy = +15V, —55°C<Tp < +125°C and |, = OmA, unless otherwise noted 


Output Voltage AVoT 0°.Tp- +125°C 
Change with = 5 
Temperature (Note 3) EST ge Taare 
Output Voltage TCVo (Note 4) 
Temperature Coefficient 


Change in Vo Temperature 
Coefficient with Output 
Adjustment 


_ Line Regulation (Note 1) 0°<Ta<+70°C 
Vin =8 to 33V —55°<Tap < + 125°C 
Load Regulation (Note 1) 0°<Ta<+70°C 
(I =0 to 8mA) =Ta< 


—55°<Tpa< + 125°C 
Temp Voltage Output . TCVy (Note 2) 
Temperature Coefficient 
NOTE 1 Line and Load Regulation specifications include the effects of self heating. 

NOTE 2 Limit current in or out of pin 3 to 50nA and capacitance on pin 3 of 30pF. 


NOTE 3 AVozT is defined as the absolute difference between the maximum output voltage and minimum output voltage over the specified temperature range expressed as a percentage of 
5V: 


AVot = VMAX-YMIN _ x 100 
BV 


AVoT —55° to + 125°C 
180°C 


NOTE 4 TCV is defined as AVoty divided by the temperature range, i.e., TCVo (—55° to + 125°C) = 


Absolute Maximum Ratings 


Derating: To-99, above 80°C ambient 7.1mW/°C 
Operating Temperature: —55°C to + 125°C 
Storage Temperature —65°C to + 150°C 


Lead Temperature 300°C 
(Soldering, 60 sec.) 


Definitions 


Line Regulation Output Voltage Noise (e,,,.p) 
The ratio of the change in output voltage to the change in line voltage The peak to peak output noise voltage in a specified frequency band 
producing it. 


Output Turn-On Settling Time (t,,) 
Load Regulation The time required for the output voltage to reach its final value within 


The ratio of the change in output voltage to the change in load current a specified error band after application of Vix. 
producing it. 


Quiescent Current (Isy) 
The current required from the supply to operate the device with no 
load. 
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Initial Accuracy 1.0% 
Max. Temp. Coeff. 65ppmC° 
Temperature Range 0°C to 70°C 


These specifications apply for Vipyy = +15V, Ta = 25°C, unless otherwise noted. 


Load Regulation (Note 1) IL =0to8mA © 
Load Regulation (Note 1) I =0 to 4mA 


Turn-on-Settling Time To +0.1% of 
: final value 
Quiescent Supply Current No Load 


Short Circuit Current 


Output Voltage 
Temperature Coefficient 


Change in Vo Temperature 
Coefficient with Output 
Adjustment 


Line Regulation (Note 1) 
Load Regulation (Note 1) 


| Temp Voltage Output TCVy (Note 2) 
Temperature Coefficient 


NOTE 1 Line and Load Regulation specifications include the effects of self heating. 

NOTE 2 Limit current in or out of pin 3 to 50nA and capacitance on pin 3 to 30pF. 

NOTE 3 AVoT is defined as the absolute difference between the maximum output voltage and the minimum output voltage over the specified temperature range expressed as a 
percentage of 5V: 


Wer = “Mek MIN x 100 
5 
AVOT 


NOTE 4 TCVo is defined as AVoty divided by the temperature range, i.e., TCVo = 
70°C 


Absolute Maximum Ratings 


Input Voltage 30V 
Power Dissipation 500mW 


Derating: To-99, above 80°C ambient 7.1mW/°C 
Mini Dip, above 30°C ambient 5.6mW/°C 


Operating Temperature: O0°C to 70°C 
Storage Temperature —65°C to + 150°C 


Lead Temperature 300°C 
(Soldering, 60 sec.) 


5-6 “* TELEDYNE SEMICONDUCTOR 


9495 


These specifications apply for Vipj = +15V, Ta =25°C, unless otherwise noted. 
Parameter | Symbol | Test Conditions [Min [Max] 
Foututvonse yt | som [wots 
input vonage Range iy PC 
[ie Regioton wow | 
[Toad Reguavon Wore [iY =O TO mA 


Turn-on-Settling Time ton To +0.1% of psec 
final value 


Initial Accuracy 0.3% 
Max. Temp. Coeff. 8.5ppm/°C 
Temperature Range 0°C to +70°C 


> 


> 


3 13 }3 


< 


Output Voltage ppm/°C 
Temperature Coefficient 
Change in Vo Temperature 
Coefficient with Output 
Adjustment 


Line Regulation (Note 1) 
Load Regulation (Note. 1) 
Temp Voltage Output 
Temperature Coefficient 


NOTE 1 Line and Load Regulation specifications include the effects of self heating. H 7 
Absolute Maximum Ratings 


NOTE 2 Limit current in or out of pin 3 to 50nA and capacitance on pin 3 to 30pF. 


NOTE3 AVoz is defined as the absolute difference between the maximum output voltage and Input Voltage 
the minimum output voltage over the specified temperature range expressed as a — 
percentage of 5V: Power Dissipation 


Vv -V Derating: To-99, above 80°C ambient 7.1mW/°C 
Noy = ——MAk “MIN 100 Mini Dip, above 30°C ambient 5.6mW/°C 


5V 
is Wow WFC 
NOTE 4 TCVo is defined as AVot divided by the temperature range, i.e., TCVo = aaa —65°C to +150°C 


Lead Temperature 300°C 
(Soldering, .60 sec.) 


Packaging Information 


ppm/% 


Output Voltage Change : 
with Temperature 


ak) a] 


8-PIN PLASTIC MINI-DIP (SUFFIX J) TO-99 (SUFFIX E) 
TOP VIEW > 0.500 
0.185 (4.70)} (12.70) 
4 3 2 1 0.335 (8.51) | 0.465 (4.19) IN. 
PIN 1 INDEX (1S ONE OR MORE OF "0.305 (7.75) aa oe 
. DOT is OR IMPRESSION) on =| (1.02) 0.100 (2.54) 0.045 (1.140) 
TOP OF PACKAGE 0.029 (.737 
+ NOTCH OR HOLE IN PIN 4 t MAX. (737) 
VISIBLE FROM TOP ANDIOR SIDE f 
* NOTCH IN END OF PACKAGE 
VISIBLE FROM TOP ANDIOR BOTTOM 
0.370 (9.40) 
0.335 (8.51) 0.200 (5.08) 
5 6 7 8 -280 (7.11) 


400 (10.16) __ — 220 (6.59) 
é -370 (9.40) | ~_ | [ 


8 LEADS 
.020 (0.51) 0.040 (1.02) 0.019 (483) 
ae ala INSULATOR 0.016 (406) 
SEATING PLANE MAX. 
100 (2.45) MIN. 
070 (1.78) -110 (2.79) 0) Ae .015 (0.38) ( ) BOTTOM VIEW 
-030 (0.76) -090 (2.29) 0° 15° 008 (0.20) 
.020 (0.51) 
076 (0.41) 


ALL DIMENSIONS IN INCHES. 
(ALL DIMENSIONS IN MILLIMETERS) 


5-7 “© TELEDYNE SEMICONDUCTOR 


Monolithic 


Voltage Reference 


9496 


10 Volts 


Features 


e Excellent Temperature Stability: 3ppm/°C 
e Choice of Tolerance: 0.3 and 1% 
Adjustable Output 

Input Voltage Range: 12V to 40V 

Low Noise : 30 n.Vpp max. 

10mA Output Current 

Short Circuit Proof 

Low Power: 1.4mA 

Mil-STD-883 Screening Available 
Replaces REF-01 


Applications 


e A/D Reference 

e D/A Reference 

e Current Source 

e Transducer Reference 
© Calibration Standard 


Connection Diagram 


TOP VIEW 


8 PIN PLASTIC 
MINI DIP 


R7 


wi 
be 


Q3 


4 Qi iy 


General Description 


The 9496, Precision Voltage Reference, uses the band gap 
principle to generate an extremely stable 10 volt reference. 
Included in the 9496 are a band gap reference, and an 
output amplifier, which delivers 10mA of output current. 
The reference is ideal because of its low cost, low output 
noise and low power requirement. The 9496 is 
exceptionally stable over wide variations in temperature, 
line voltage and load current. The reference operates on a 
single supply with voltages of 12 volts to 40 volts. 


The 9496 is available with initial accuracies of + 0.3%, 
and +1%. An external potentiometer can be used to vary 
the output voltage +3% with little effect on the 
temperature coefficient. The potentiometer can also be 
used to adjust the voltage for binary applications such as 
10.24 volts. 


Output Adjustment 


The output voltage of the 9496 can easily be adjusted by 
connecting a potentiometer to pin 5 as shown in the figure 
below. Changing the output voltage does affect the overall 
temperature coefficient, however, this effect is small being 
typically only 0.7 ppm/°C per 100mV of adjustment. 


VIN 


Initial Max. Temp Temperature Maximum To-99 8 Pin 
Accuracy Coeff Range Voltage | Package Mini-Dip 
0.3% . = 


40V S496EE 
1.0% 30V 9496CE 9496CJ 
0.3% 40V 9496AE = 


0 - 70°C 


—55° to + 125°C 
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9496 


0.3% 
8.5ppm/°C 
—55°C to +125°C 


Initial Accuracy 
Max. Temp. Coeff. 
Temperature Range 


These specifications apply for Vipy = +15V, Ta = 25°C, unless otherwise noted. 


a ee ET 
Ca GG 
a 
ae 
ee 
a 


10.03 


uVp-p 


%IN 
%/mA 
psec 


Line Regulation (Note 1) i ea Vin = 13 to 33V 
Load Regulation (Note 1) re I, =0 to 10mA 


Turn-on-Settling Time To +0.1% of 
final value 
Quiescent Supply Current Isy | Notoad TC 
foeacurent PCC Od 
ES 
Output Voltage Change AVoT 0°<Tax<+70°C ee me | 
with Temperature (Note 3) —55<T,p < + 125°C je we 
Output Voltage TCVo (Note 2) 

Temperature Coefficient 

Change in Vg Temperature 


Coefficient with Output 
Adjustment 


ade : i La 


30 
0.008 
1.4 


> 


Vo 
VIN 
IL 
Is 
Isc 


ee 
ee 
ae a: 
| os | 

0 () 


m 

m 

m 
% 
% 


Line Regulation 
(Vin = 13 to 33V) 
(Note 1) 


Load Regulation 


15 


0°<Ta<+70°C 
(I, =0 to 8mA) —55°<Ta < + 125°C 
(Note 1) 


NOTE 1 Line and Load Regulation specifications include the effects of self heating. 


ae » ; AVoT 0° to +70 C AVoT — 55°C to + 125°C 
NOTE 2 TCV is defined as AVoq divided by the temperature range, i-.e., TCVQ(0° to +70 C) = ——~——_____—__ and TCV - 55°C to + 125°C) = — 
70°C 


NOTE 3 AVoT is defined as the absolute difference between the maximum output voltage and minimum output voltage over the specified temperature range expressed as a 
percentage of 10V: 
AVoT = VMAX-YMIN _ x 100 
10V 


Absolute Maximum Ratings 


Lead Temperature 300°C 
(Soldering, 60 sec.) 


Definitions 


Line Regulation Output Voltage Noise (e,,.p) 
The ratio of the change in output voltage to the change in line voltage The peak to peak output noise voltage in a specified frequency band 
producing it. 


Output Turn-On Settling Time (t,,) 
Load Regulation The time required for the output voltage to reach its final value within 


The ratio of the change in output voltage to the change in load current a specified error band after application of Vy. 
producing it. 


Quiescent Current (Isy) 
The current required from the supply to’ operate the device with no 
load. 
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Initial Accuracy 
Max. Temp. Coeff. 
Temperature Range 


1.0% 
65ppm/°C 
0°C to 70°C 


%/V 
%/mA 
%/mMA 


x 
<|lo [&]< 
ne] 


To +0.1% of 
final value 


er ee 


Short Circuit Current 


> [>| > 


> 


Output Voltage 
Temperature Coefficient 


fo?) 


° 
aS 


Change in Vo Temperature 
Coefficient with Output 
Adjustment 


Line Regulation (Note 1) 
Load Regulation (Note 1) 


NOTE 1 Line and Load Regulation specifications include the effects of self heating. 


NOTE 2 TCVg is defined as AVoT divided by the temperature range, i.e., TCVQ = 


NOTE 3 AVoT is defined as the absolute difference between the maximum output voltage and minimum output voltage over the specified 
temperature range expressed as a percentage of 10V: 


AVot = YMA NIN x 100 
10 


Absolute Maximum Ratings 


Derating: To-99, above 80°C ambient 
Mini Dip, above 30°C ambient 


Operating Temperature O°C to 70°C 
—65°C to + 150°C 


Lead Temperature 
(Soldering, 60 sec.) 
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These specifications apply for Vjny = +15V, Ta = 25°C, unless otherwise noted. 


Initial Accuracy : 0.3% 
Max. Temp. Coeff. 8.5ppm/°C 
Temperature Range 0°C to +70°C 


eearvomarree we |e 
pa Vorage ara 
tne Requaten Woe | | 
Teed Reaver Ware [Dr TO 


ea 
Sas 
a ae 
ee 
final value 
faseean Sippy Coren «dey «df Ne 
la SR a TAN 
a SS 
ES OC 


Output Voltage Change AVoT 
with Temperature 

Output Voltage TCVo (Note 2) 

Temperature Coefficient 

Change in Vg Temperature Rp= 10KQ 

Coefficient with Output 

Adjustment 


(Note 3) 


02 
3 
of 


ee ee 


[0.008 [a0 | sima_] 


Absolute Maximum Ratings 
Fut Valage 
Derating: To-99, above 80°C ambient 7.1mW/°C 

Mini Dip, above 30°C ambient 5.6mW/°C 


Operating Temperature: 9496 C, D, E, & H 0°C to 70°C 
Storage Temperature —65°C to + 150°C 


Lead Temperature 300°C 
(Soldering, 60 sec.) 


Line Regulation (Note 1) Vin = 13 to 33V 
Load Regulation (Note 1) IL = Oto 8mA 


NOTE 1 Line and Load Regulation specifications include the effects of self heating. 


AVoT 
70°C 


NOTE 2 TCV is defined as AVot divided by the temperature range, i.e., TCVg = 


NOTE3 AVoz is defined as the absolute difference between the maximum output voltage and 
the minimum output voltage over the specified temperature range expressed as a 
percentage of 10V: 

AVot = _YMAX-VMIN _ x 100 
10V 


Packaging Information 


8-PIN PLASTIC MINI-DIP (SUFFIX J) TO-99 (SUFFIX E) 
TOP VIEW eee 
0.185 (4.70) (12.70) 
PEELE 0.165 (4.19) MIN. 


PIN 1 INDEX IS ONE OR MORE OF 


THE FOLLOWING 0.335 (8.51) > 

* DOT (INK OR IMPRESSION) ON 0.305 (7.75) 0.040 0.100 (2.54) 0.045 (1.140) 
TOP OF PACKAGE (1.02) "0.029 (737), 

* NOTCH OR HOLE IN PIN 1 MAX. Wert: 


VISIBLE FROM TOP AND/OR SIDE —1- 
* NOTCH IN END OF PACKAGE 
VISIBLE FROM TOP AND/OR BOTTOM 


0.370 (9.40) 


a 8 7 8 _.280 (7.11) 0.335 (8.51) 


400 (10.16) =e -220 (5.59) 
P “370 (8.40) | ane 6.30) | 


8 LEADS 
0.040 (1.02) 0.019 (483)_ 


INSULATOR 9.016 (408) 
MAX. 


ALL DIMENSIONS IN INCHES. 


-020 (0.51) 
DIA 


_f MIN. 


-100 (2.45) MIN. 


SEATING PLANE 


.310 (7.87) 
290 (7.37) > ALL DIMENSIONS IN MILLIMETERS, BOTTOM VIEW 
_:070 (1.78) | |_ J -110 (2.79) 220030) ae .015 (0.38) ( ) 
030 (0.76) 090 (2.29) or 15° -008 (0.20) 
.020 (0.51) 
eee) ALL DIMENSIONS IN INCHES. 


(ALL DIMENSIONS IN MILLIMETERS) 
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Appendix 


e Dice and Bonding Diagrams 
e Additional Products by 
Teledyne Semiconductor 


e Glossary of Terms and 
Abbreviations 


Dice and Bonding Diagrams 


These devices are available in dice form. Contact Mt. View for pricing and information. All dimensions in inches. 


8700, 8701, 8702 8703, 8704, 8705 


0.144 ———___—__+ 0.131 


8750 


0.112 


0.115 


0.127 
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Dice and Bonding Diagrams 


These devices are available in dice form. Contact Mt. View for pricing and information. All dimensions in inches. 


8640, 8641 9400 


13 (N.C.) 


0.069 


0 
Pe 


9491 9495, 9496 


20 


0.038 0.050 
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Teledyne offers junction field effect transistors 
in both P- and N-channel types, as well as 
N-channel monolithic duals, to cover a variety of 
applications and performance requirements. 


2N3819 
2N3821 *** 
2N3822* ** 
2N3823* ** 
2N3824 
2N3921 
2N3922 
2N3966 
2N3967 
2N3967A 
2N3968 
2N3968A 
2N3969 
2N3969A 
2N3970 
2N3971 
2N3972 
2N4084 
2N4085 
2N4091 
2N4092 
2N4093 
2N4220 
2N4220A 
2N4221 
2N4221A 
2N4222 
2N4222A 
2N4223 
2N4224 
2N4302 
2N4303 
2N4304 
2N4338 
2N4339 
2N4391 
2N4392 
2N4393 
2N4416 
2N4416A 
2N4856* ** 
2N4856A 
2N4857* ** 
2N4857A 
2N4858* ** 
2N4858A 
2N4859* * * 
2N4859A 
2N4860*** 
2N4860A 
2N4861*** 


Additional Products 


by Teledyne Semiconductor 
JFET Products 


2N4861A 
2N5018 
2N5019 
2N5103 
2N5104 
2N5105 
2N5163 
2N5196 
2N5197 
2N5198 
2N5199 
2N5245 
2N5246 
2N5247 
2N5358 
2N5359 
2N5360 
2N5361 
2N5362 
2N5363 
2N5364 
2N5391 
2N5392 
2N5393 
2N5394 
2N5395 
2N5396 
2N5397 
2N5398 
2N5457 
2N5458 
2N5459 
2N5484 
2N5485 
2N5486 
2N5555 
2N5556 
2N5557 
2N5558 
2N5561 
2N5562 
2N5563 
2N5638 
2N5639 
2N5640 
2N5653 
2N5654 
2N5668 
2N5669 
2N5670 
2N5911 


2N5912 
2N5949 
2N5950 
2N5951 
2N5952 
2N5953 


BC264 

BC264A 
BC264B 
BC264C 
BC264D 


BF244 
BF244A 
BF244B 
BF244C 
BF245 
BF245A 
BF245B 
BF245C 
BF246 
BF246A 
BF246B 
BF246C 
BF247 
BF247A 
BF247B 
BF247C 
BF256 
BF256A 
BF256B 
BF256C 
BFW10 
BFW11 
BFW61 


BSV78 
BSV79 
BSV80 


E100 
E101 
E102 
E103 
E111 
E111A 


*** JAN and JANTX Qualified 


E112 
E112A 
E113 
E113A 
E114 
E174 
E175 
E176 
E177 
E201 
E202 
E203 
E204 
E210 
E211 
E212 
E300 
E304 
E305 


J100 
J101 
J102 
J103 
J111 
J111A 
J112 
J112A 
J113 
J113A 
J114 
J174 
J175 
J176 
J177 
J210 
J211 
J212 
J300 
J304 
J305 
J308 
J309 
J310 
J3970 
J3971 
J3972 
J4091 
J4092 
J4093 
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J4220 
J4221 
J4222 
J4223 
J4224 
J4302 
J4303 
J4304 
J4338 
J4339 
J4391 
J4392 
J4393 
J4416 
J4856 
J4857 
J4858 
J4859 
J4860 
J4861 
J4867A 
J4867RR 
J4868A 
J4868RR 
J4869A 
J4869RR 
J5103 
J5104 
J5105 
J5163 


KE3970 
KE3971 
KE3972 
KE4091 
KE4092 
KE4093 
KE4220 
KE4221 
KE4222 
KE4223 
KE4224 
KE4391 
KE4392 
KE4393 
KE4416 
KE4856 
KE4857 
KE4858 
KE4859 


KE4860 
KE4861 
KE5103 
KE5104 
KE5105 


MPF102 
MPF108 
MPF109 
MPF111 
MPF112 


NF510 
NF511 


P1086E 
P1086RR 
P1087E 
P1087RR 


PAD 20 
PAD 50 
PAD 100 


SU2080 
SU2081 
SU2365 
SU2365A 
SU2366 
SU2366A 
SU2367 
SU2367A 
SU2368 
SU2368A 
SU2369 
SU2369A 
SU2652 
SU2652M 
SU2653 
SU2653M 
SU2654 
SU2654M 
SU2655 
SU2655M 
SU2656 
SU2656M 


Amplifiers include RF, HF, VHF, differential and 
general-purpose types, offering low leakage and 
low noise figures. Switches are available with low 
on-resistance, in both P- and N-channel types. 


TCR500 
TCRS501 
TCR502 
TCR503 
TCRS04 
TCRS505 
TCR5S06 
TCR507 
TCR508 
TCR509 
TCR510 
TCR511 
TCR512 
TCR513 


TN5277 
TN5278 


TP5114 
TPS115 
TP5116 


U200 
U201 
U202 
U231 
U232 
U233 
U234 
U235 
U308 
U309 
U310 
U1715 
U1715A 
U1837E 
U1837J 
U1897E 
U1897J 
U1898E 
U1898J 
U1899E 
U1899J 
U1994E 
U1994J 
U2047E 
U2047J 
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Additional Products 
by Teledyne Semiconductor 


Digital Products 


Digital system designers use Teledyne Semicon- digital systems. Teledyne’s Logic Devices offer 
ductor’s Bipolar Interface Logic to improve perform- guaranteed noise immunity of 3.5V, high output drive 
ance and protection of microprocessor and CMOS (up to 12mA source or 250mA sink) and easy interfacing 
circuits, as well as to build complete noise-resistant with other logic types. 


Bipolar Interface Logic 


Gates 

306 Quad 2,2,2,3-Input. NOR 351 Dual 4-bit Multiplexer 

307 Quad 2,2,2,3-Input NOR (Open Collector) 380 BCD to Decade Decoder/Lamp Driver 

321 Quad 2-Input NAND (Open Collector) 

322 Dual 5-Input NAND 381 BCD to Decade Decoder/Logic Driver 

323 Quad 2-Input NAND (Open Collector) (Open Collector) 

324 Quad 2-Input NAND (Passive Pullup) 382 BCD to Decade Decoder/Gas Discharge Driver 
325 2,2,3,3-Input NAND 383 BCD to Seven Segment Decoder/Driver 


326 2,2,3,3-Input NAND (Passive Pullup) 
331 Dual 5-Input Gate Expander 


332 Hex Inverter (Open Collector) One Shots/Timers 


333 Hex Inverter (Passive Pullup) 342 Dual Monostable Multivibrator 

334 Strobed Hex Inverter (Open Collector) 347 Dual Retriggerable Monostable Multivibrator 
335 Strobed Hex Inverter (Passive Pullup) 349 Dual Retriggerable Pulse Stretcher 

341 Dual 2-Input AND-OR-INVERT 355 HiNIL Timer 


344 Dual Expandable AND-NOR 
Interface Circuits 


Flip Flops 361 Dual HiNIL to 5 Volt Interface 
311 Master/Slave RST 362 Dual 5 Volt to HiNIL Interface 
312 Dual J-K Edge Triggered 363 Quad 5 Volt to HiNIL Interface 
313 Dual J-K Master/Slave 367 Quad Schmitt Trigger/Line Receiver 
370 Quad D (Passive Pullup) 368 Quad Schmitt Trigger/Line Receiver 
375 4-bit Shift Register (Open Collector) 
Counters Buffer Gates 
371 Decade (Passive Pullup) 301 Dual 5-Input Power NAND 
372 Hexadecimal (Passive Pullup) 302 Quad 2-Input Power NAND (Open Collector) 
373 Up/Down Decade 303 Quad 2-Input Power NAND (Passive Pullup) 
374 Up/Down Hexadecimal 304 Triple 4,3,4-Input Power NAND (Passive Pullup) 
390 Dual 4-Input AND 
Comparator 391 Dual AND 
erie 392 Dual NAND 

343 4-bit Digital Comparator 393 Dual OR 

; 394 Dual NOR 
Decoders/Multiplexers 395 Dual 4-Input NAND 
350 8-bit Multiplexer 396 Dual Line Driver/Receiver 
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Glossary of 


Terms and Abbreviations 


Binary Coded Decimal 

Auto-Zero Storage Capacitance 
Integrator Capacitance 

Load Capacitance 

Common Mode Range 

Common Mode Rejection Ratio 
Analog Comparator Output 
Oscillator Capacitance 

End. of Gisieiek Signal 

Clock Frequency 

Clock Input Frequency 

Full Scale 

Input Bias Current 

Drain Supply Current 

Input Current 

Logic Input Current, Input Voltage High 
Logic Input Current, Input Voltage Low 
Output Current 

Output Current, Output Voltage High 
Output Current, Output Voltage Low 
Input Offset Current 

Output Short Circuit Current 

Source Supply Current 

Least Significant Bit 

Most Significant Bit 

Overflow Logic Output Pulse 


Overrange Logic Output Pulse 
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Pb 
p_p 


PSRR 


DS(on) 


out 


Power Dissipation 

Peak to Peak 

Power Supply Rejection Ratio 
ON Resistance of FET Switch 
Reference Output Voltage 
Load Resistance 

Input Source Resistance 

Slew Rate 

Ambient Temperature 
Temperature Coefficient 
Response Time 

Up/Down Logic Output 
Underrange Logic Output Pulse 
Auto-Zero Amplifier Output Voltage 


Drain Supply Voltage; Negative for PMOS, 
Positive for NMOS and CMOS 


Input Voltage 

Logic Input Voltage, High 
Logic Input Voltage, Low 
Output Voltage 

Output Voltage, High 
Output Voltage, Low 
Input Offset Voltage 
Output Voltage Swing 
Positive Reference Voltage 
Supply Voltage 


Source Supply Voltage; Positive for PMOS, 
Negative for NMOS and CMOS 


Input Impedance 
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DATA CONVERSION ACTION REPLY CARD 
“7 TELEDYNE SEMICONDUCTOR 


Which Data Conversion Product best suits your need? 
AID D/A 


O 8-bit ...O with 3-State outputs D 12-bit, +1% 
O 10-bit ...O with 3-State outputs O 12-bit, + 2% 
O 12-bit ... O with 3-State outputs 


013% digit Parallel BCD outputs Voltage 
References 
03% digit Multiplexer BCD outputs O 1.22Vv 
O32 digit 7 segment LCD output O 5.00v 
03% digit 7 segment LED output O 10.00V 
V/F, F/V Multiplexers 


O 16 Channel O Dual 8 
O7 Channel O Dual 4 
In what product will it be used? 


0) V/F converter 
O F/V converter 


Starting when? UsagelYr? 


What other data conversion products are you currently 
using or evaluating? 


O Please send an evaluation sample. 
Part No. 


What features of these products are particularly attractive 
to you? 


Please send a quotation on the following: 


Prod. # Quantity Deliv. Req. 


| would like additional literature on the following Teledyne 
Semiconductor products: 


O) JFETS — junction field effect transistors 

DO Bipolar Interface Logic (HiNIL) 

0) — Send additional Data Conversion Design Manual 
O — Add name to mailing list 

QO Other 


Name 
Title 

Company 
Mail Stop 
Address 

City 
State Zip 
Phone ( ) 


DATA CONVERSION ACTION REPLY CARD 
“4#@ TELEDYNE SEMICONDUCTOR 


Which Data Conversion Product best suits your need? 
A/D D/A 


O 8-bit ...O with 3-State outputs O 12-bit, +1% 
O 10-bit ... O with 3-State outputs DO 12-bit, +%% 
O 12-bit ...O with 3-State outputs 


03% digit Parallel BCD outputs Voltage 
References 
03% digit Multiplexer BCD outputs O 1.202V 
O3¥2 digit 7 segment LCD output O 5.00v 
O3%% digit 7 segment LED output O 10.00V 


V/F, F/V 
O V/F converter 


Multiplexers 
0 16 Channel O Dual 8 
O7 Channel O Dual 4 
In what product will it be used? 


O F/V converter 


Starting when? Usage/Yr? 


What other data conversion products are you Currently 
using or evaluating? 


O Please send an evaluation sample. 
Part No. 


What features of these products are particularly attractive 
to you? 


Please send a quotation on the following: 


Prod. # . Quantity Deliv. Req. 


| would like additional literature on the following Teledyne 
Semiconductor products: : 


O JFETS — junction field effect transistors 

O Bipolar Interface Logic (HiNIL) 

O — Send additional Data Conversion Design Manual 
O — Add name to mailing list 

O Other 


Name 
Title 

Company 
Mail Stop 
Address 

City 
State Zip 
Phone ( ) 
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